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PBEFACE. 


Thx  reader  who  has  pemaed  the  early  sheets  of  this  Tolume  daring  their 
coarse  of  publication  in  the  "  CiscLB  of  the  Sciences^"  will  ha^e  remarked 
the  oircamstance  of  their  anonymous  character,  notwithstanding  that  the 
other  branches  of  science  have  appeared  in  the  same  pablication  with  the 
authors'  names  attached.    The  explanation  is  as  follows  :— 

In  the  year  1852, 1  was  conmiissioned  to  re-edit  the  last  edition  of  the  late 
Dr.  Henry's  Treatise  on  Chemistry,  published  nearly  thirty  years  since,  retaining 
such  parts  of  that  celebrated  work  as  might  be  accordant  with  our  present  state 
of  chemical  knowledge,  and  remodelling  what  had  become  old  and  out  of  date. 
With  this  object  in  view,  I  had  nearly  completed  the  imponderable  agents, 
when  circumstances  rendered  it  desirable  that  the  original  intention  should  be 
abandoned,  and  that  the  sheets  already  prepared  should  appear  in  a  serial 
form  in  the  *'ClBCLE  OF  the  Sciences.''  I  readily  acceded  to  this  proposition ; 
but  the  acquiescence  entailed  a  minor  difficulty,  which  the  preface  alone  could 
satisfactorily  explain.  Although  the  portion  concerning  light  was  entirely 
original,  and  the  sections  on  electricity  and  its  collaterals  very  nearly  so,  I 
could  not  with  any  propriety  call  the  treatise  mine  without  incurring  the 
charge  of  plagiarism ;  and  to  have  denominated  it  a  new  edition  of  Henry's 
Elements,  seeing  the  extensive  alterations  which  had  been  made,  would 
•scarcely  have  been  more  appropriate ;  hence,  in  the  opinion  of  all  concerned, 
the  decision  of  allowing  the  sheets  to  appear  anonymously  was  thought 
desirable.  Mature  consideration  of  the  facts  of  the  case  have  satisfied  me 
that  the  course  adopted  was,  under  the  circumstances,  preferable  to  any 
other. 

The  merits  of  Dr.  Henry  as  a  chemist  are  especially  recogniz- 


PKBFACB. 

able  in  his  investigations  on  gases ;  and  by  a  peculiarity  in  the  arrangement  of 
his  work,  the  general  philosophy  of  gases  is  described  under  the  head  of  heat. 
Now,  it  so  happens  that  this  portion  of  chemical  science  has  undergone,  subse- 
quently to  the  time  of  Dr.  Henry,  a  less  amount  of  fundamental  change  than 
any  other  ;~the  investigations  of  chemists  since  that  time,  relative  to  this 
portion  of  science,  having  been  merely  the  amplification  of  what  he  so  success- 
fully began :  hence  the  retention  of  this  portion  of  his  treatise  would  have 
enhanced  the  value  of  any  chemical  book  whatever.  I  regard  it,  therefore, 
advantageous  to  the  interests  of  the  present  publication  that  circumstances 
have  enabled  me  to  preserve  it  almost  intact. 

As  regards  the  second  portion  of  the  volume,  or  that  relating  to  the 
chemical  elements  and  their  inorganic  combinations,  I  am  wholly  responsible ; 
and  I  trust  that— although  the  space  at  my  disposal  has  been  circumscribed— 
no  considerable  matter  of  interest  or  importance  will  have  been  omitted. 

Produced  in  the  serial  form,  hurriedly  and  at  intervals,  as  this  volume  has 
been,  some  inaccuracies  have  necessarily  crept  in ;  yet  not  of  greater  import- 
ance, or  in  greater  number,  I  am  disposed  to  believe,  than  may  be  usually 
discovered  in  first  editions  of  scientific  works.  Those  already  noticed  will  be 
seen  in  an  appended  slip  of  errata  and  corrigenda. 

J.  SCOFFERN,  M.B.,  Lond. 
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ERRATA  ET  CORRIGENDA. 

Page  4,  line  12,  for  above  read  below. — ^And,  as  an  illustration  to  tbe  paragraph, 
conceive  the  balance-beam  to  be  inverted.  The  woodcut  is  an  actual  copy  of 
the  beam  of  a  very  delicate  balance,  without  the  pans.  When  the  latter  are 
attached  the  centre  of  gravity  will  be  brought  lower  down,  as  is  obvious. 

4,  line  24,  afUr  the  words  a  thousandth  part  insert  of  a  grain. 

306,  line  17  of  text,  omitting  diagrams,  for  peroxide  of  barium  read  peroxide  of 
hydrogen. 

349,  line  3  from  the  bottom, /or  now  discover  read  soon  discover. 

371,  line  3,  insert  32  for  the  equivalent  number  of  phosphorus. 

The  Subscribers  to  the  Cibclb  of  the  Sciences  are  respectfully  informed  that  a 
Volume  on  rKAcncAL  Chemistey  will  be  immediately  commenced,  an  early  number  of 
which  will  contain  PH0T0oaA.FHY,  by  Mr.  Sparling,  assistant  to  Mr.  Fenton;  and 
ELECTftO-XETALLuaoY,  by  George  Gore,  Esq.,  Birmingham. 
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THE  eleme:^ts  of  chemistry. 


Hefiiiitioik  i»f  Cb^mlstxy. — Chc^mistry  k  tlio  acicncc  whleH  investigates  the 
{^uolltf  mid  constitution,  of  matte;  in  all  ita  relntioiii,  except  those  alfectiug  Tisibk 
modon  and  ipacd.  Ita  ageaciea  involyo  all  the  grand  forces  of  tlie  uniycrBG  cxci^t 
graTitation  j  wbicli  latter  Ijelengs  to  the  dcpartmeat  of  nMKjhanical  philosophy*  Eych 
tto  furce  of  graTitationf  however,  i^mea  ladircctlj  under  the  chemist's  acepe^  as 
affecting  the  weight  and  tJic  spcciEo  ^vity  of  ponderable  bodies.  Its  pGouliaiitLC*^, 
ther&foro^  Ofi  contra-distinguiahed  from  those  of  tbo  otber  forcesj  will  havo  to  bo 

All  bodies,  composing  the  nwtprial  sjatem  of  the  uaiTi^TBe,  haro  a  natural  tendency 
to  appro&ch  each  other,  whatsoeTcr  may  he  tlio  distances  at  which  they  aro  placed* 
The  operation  of  this  force  extenda  to  the  romoteat  parts  of  tho  sidereal  syateoij  aud 
is  oac  of  the  causes  wMth  2>i*cs^rve  the  stability  of  planeta  and  comets  in  their  orbits. 
The  smaller  hodieSj  also,  that  are  under  our  mai-e  Lmmediatc  obfiervation,  are  influenced 
by  the  same  power,  and  fall  to  the  earth's  surface,  when  not  prevented  by  the  interforenee 
of  other  forces.  From  theso  factSj  the  exiatenee  of  a  property  has  been  inferred,  whieh 
has  been  colled  titirnction,  av^  more  specifieally,  the  aitracttOH  of  ffmtit&tion.  Its 
nature  is  eiitirely  unknown  to  ub  ;  but  some  of  its  laws  have  been  inTestigatod,  and 
anecesafuUy  applied  to  the  explanation  of  phcnomciia.  Of  these  laws,  the  most  impor- 
tant are,  that  the  force  of  gravity  acta  on  hodiea  directly  in  proportion  to  the  quantity 
of  matter  in  each ;  and  that  it  detreases  in  the  rcdprocQl  proportion  of  the  sqnareB  of 
the  diatancos. 

From  viewing  bodies  in  the  aggrcgati^^  ^""0  may  next  proceed  to  contemphite  them 
as  composed  of  minute  partielea.  These  particlcg,  it  i^  probable^  consist  of  aolids^ 
whicli  are  ineapabie  of  mechanical  division,  but  are  still  poseeased  of  the  qualitiea  of 
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length,  breadth,  and  thickness.      In  simple  bodies  the  particles  must  necessarily  be  a.1B 
of  tiie  same  nature,  or  homogeneoics.     In  compound  bodies,  we  are  to  understand,  by  thc^ 

term  particles  J  the  smallest  parts  into-vrttt«ltt)oi4ies  can  be  resolved  without  decomposition 

The  word  «*!»»' has  of  late  been  r&mi^to  dsnete  both  these  kinds  of  pirtides ;  ani^E. 
we  msiy:iiierefore  speak  with  propn^  of  simpU-Moms  and  of  compound  atoms.  Wher-^ 
two  BibmaB  ^f  different  kinds  unitein  fcasi  e.'AieB.'cr  compound  atam,  we  may  tern  thc^ 
two  ftfBt,  eompmnmt  atoms ;  and,  if  tiiese-haye  not  been  decomposed,  they  ttay  booaUcciX. 
elementmry  or  primary  eUoms. 

The  atams  or  particles  of  bodies  are  also  infiuenced  by  the  fbrce  of  attraction,  bu.'t^ 
not  unlen'^wfaflii  placed  in  appanmt  contact,  'fi-ence  a  idxfttixustioBi  has  been  mad.^ 
between  gMnrilation,«nd that  ;iUald  •6f  attraction^iiSBCfti  is  fttectire  only  at  insensible 
distances.  7S!hB\a.itexfhMd3iMm^aiiikQdeontiff^  been  furthermor-o 

subdivWd'as  exeited bttwraeingaiticles  of  mattevitf  the  snm^daid,  or  bet^reen  partidos 
of  A^ffprm^kisGd. 

JlMMfciHuii  ^mggWgitiWfci — Gohesiye  attraction,  or  mere  simply  cohesion,  is 
to%e  vsiderstood  thJEttlforoe  <n:  power  by  which  particles  or  aitoms  of  matter  ef  the  same 
Mnd  attract  each  other ;  the  only  eififoct  of  this  attraction  Tomig  an  aggregate  or  mass. 
Thus  a  lump  of  copper  may  be  considered  as  composed  of  an  infinite  nimiber  of  minute  j 
particles  or  integrant  parts,  each  of  which  has  precisely  the  same  properties  as  those 
that  belong  to  the  whole  mass.  These  are  united  by  the  force  of  cohesion.  But  if  the 
copper  be  combined  with  another  metal  (such  as  zinc),  we  obtain  a  compound  (brass), 
the  constituent  parts  of  which,  copper  and  zinc,  are  combined  by  the  power  of  chemical 
attraction  or  affinity ;  a  term  which  it  is  proper  to  restrict  to  the  attraction  existing 
between  particles  of  diffe7-ent  kinds.  In  simple  bodies,  therefore,  cohesion  is  the  only 
force  exerted  between  their  particles.  But  in  compound  bodies  wo  may  distinguish 
the  force,  with  which  the  primary  or  component  atoms  are  united,  from  that  which  the 
compound  atoms  exert  towards  each  other ;  the  former  being  united  by  chemical  attrac- 
tion or  afl^ty,  and  the  latter  by  cohesive  attraction. 

Hence  we  deduce  a  well-defined  and  easily  appreciable  distinction  between  the 
three  forces  or  attractions  of  gravitation,  cohesion,  and  chemical  attraction,  or  affinity. 
Gravitation  operates  between  masses  of  matter,  of  whatever  kind,  and  at  sensible, 
frequently  enormous  distances.  Cohesion  operates  between  particles,  not  masses,  and 
of  similar  kind,  at  distances  which  are  inappreciable.  Chemical  affinity,  or  attraction, 
operates  between  particles,  not  masses,  of  dissimilar  kind,  and  also  at  inappreciable 
distances.  As  Olustrations  of  the  propriety  of  the  definitions  assigned  to  these  three 
forces,  a  few  simple  examples  may  bo  given.  First,  with  respect  to  gravitation,  it  may 
be  remarked  that  any  ponderable  substance,  of  whatever  kind — ^for  example,  a  stone,  a 
lump  of  metal,  or  a  piece  of  wood— if  allowed  perfect  freedom  to  move,  falls  towards 
the  earth ;  thus  proving,  that  although  a  stone,  a  piece  of  metal,  and  wood,  are  all 
masses  of  different  kind,  yet  they  are  affected  by  a  certain  force,  exerted  mutually 
between  themselves  and  the  earth,  at  distances  which  can  be  measured,  and  which  are 
therefore  sensible.  That  which  has  been  demonstrated  as  holding  good  of  three  masses 
of  different  kind,  may  be  proved  to  hold  good  for  all  ponderable  bodies  whatever. 
Hence  the  universality  of  the  law. 

The  reader  who  is  just  commencing  his  studies  in  physics  and  chemistry,  may 
probably  meet  with  some  examples  which  are  seemingly  at  variance  with  the  law  here 
enunciated  as  univeiaal.  Thus  hydrogen  gas  possesses  weight ;  yet  a  balloon  filled 
with  this  gas  does  not  ]  fall  towaids  the  earth,  but  rises.    The  apparent  discrepancy 
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between  the  phenomenon  obserrod,  and  the  enunciated  law,  ccmsists  in  this^-namofy, 
the  ptea&aoQ  and  the  ooooomitant  influonoo  of  atmospheric  air ;  which,  being  heayicr 
than  hydrogen,  sinks  beneath  the  balloon  containing  the  latter,  and  lifts  It  up. 

To  illuBtrate  the  peculiar  nature  of  the  attraction  or  foreo  of  cohoeion,  we  may 
assume  a  mass  of  metal  to  be  the  subject  of  observation.  By  the  application  of  sufficient 
force  this  maas  may  be  dissevered  into  smaller  parts,  and  no  amount  of  pressure  can 
force  them  so  dosely  together  that  they  shall  unite.  Hence  cohesion,  the  attracticm 
which  held  the  partiolcB  of  metal  together,  and  made  them  constitute  one  mass,  aots  at 
insensible  distances.  It  is  evident,  moreover,  that  the  attraction  is  exerted  between 
particles  of  similar  kinds. 

To  illttjttmtc  the  propriety  of  the  definition  given  to  chemical  attraction  or  affinity, 
the  example  of  blue  vitriol  may  be  cited.  This  substance  is  a  mass  made  up  of  particles, 
as  may  be  demonstrated  by  grinding  it  to  powder.  But  if  the  smallest  appreciable 
partide  of  this  powder  be  taken  and  examined,  it  will  be  found  to  be  composed  of 
sul]^rar,  oxygen,  and  copper,  united  together  by  some  force  acting  at  an  insensible 
distance,  but  exerted  between  dissimilar  particles. 

The  Opemtion  of  Weighing. — All  terrestrial  substances  are  attracted,  as  wc 
have  seen,  towards  the  earth's  centre,  by  the  force  of  gravitation  in  direct  proportion  to 
their  «mm,  or  the  quantity  of  matter  which  they  contain ;  and  the  estimation  of  this  mass 
constitutes  the  process  of  weighing,  so  indispensable  in  all  accurate  chemical  investi- 
gations. Hence  the  scales  or  balance  become  to  the  chemist  what  the  rule  and  compasses 
are  to  the  mathematician — the  starting  point  of  all  his  investigations — ^thc  measure  of 
their  o(»Teotness. 

The  general  functions  of  a  pair  of  scales  are  so  universally  known,  that  their  minute 
description  may  bo  thought  unnecessary.  The  chemical  student,  however,  will  do  well 
to  make  himself  acquainted  with  certain  points  in  relation  to  those  instruments — thoir 
varieties,  their  principle  of  construction,  and  the  theory  of  their  action — some  of  which 
points  are  not  very  obvious  irom  a  casual  inspection.  As  to  their  varieties,  it  may  be 
mentioned  that  the  less  delicate  instruments  of  this  kind  ore  simply  termed  acalesj  and 
are  employed  for  operations  of  weighing,  when  moderate  accuracy  alone  is  required ; 
the  term  balance  beii^  restricted  to  those  delicate  instruments  so  indispensable  to  the 
prosecution  of  accurate  experiments,  but  which  are  unfitted  for  common  use.  In  prin- 
ciple, however,  the  scales  are  identical  with  the  ^toff<?tf,— a  designation  which  I  shall 
hereafter  employ  in  a  generic  sense. 

The  balance,  as  generally  defined,  may  be  considered  as  an  uniform  inflexible 
lever,  sux^orted  horizontally  at  the  centre  of  gravity,  and  supporting  weights,  at  equal 
digtances  from  the  centre,  by  points  in  the  same  horizontal  line  with  the  centre  of 
gravity.  -Such  is  the  balance  theoretically  considered;  but  in  practice  there  is  a 
consideralde  deviation,  pairtly  because  of  the  impossibility  of  securing  all  these  condi- 
tions on  account  of  mechanical  difficulties,  and  partly  on  account  of  deviations  specially 
introduced,  for  reasons  to  be  described  hereafter. ; 

Por  the  pmpoae  of  entering  upon  a  cdto*.  o 

sideration  of  the  theory  of  the  balance,  let 

xa  Mtnme  Cr  to  indicate  the  centre  of  gravity    A„  i.  «■ 

in  the  beam  A  B ;  by  which  is  meant  that 

dolnt  on  which,  if  tiie  beam'were  poised,  it 

would  iHoabi  in  perfect  quietude.    Supposing  now  «  wei^t  to  he  altaehed  to  either  of 

fke  extrattSHM, -A  <nr  B,  it  is  evident  'that  the  extremity  «o  weighted  would  fell,  and 
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that  the  original  horizontal  position  of  the  beam  could  only  be  maintained  by  adding 
to  the  second  extremity  a  weight  equal  to  that  previously  added  to  the  first.  Practi- 
cally speaking,  however,  a  balance  such  as  here  described,  in  which  the  extremities  are 
supposed  to  be  on  the  same  horizontal  line  with  the  centre  of  gravity,  is  inefficient. 
An  instrument  of  this  kind  turns  with  the  minimum  of  added  weight,  it  is  true,  and  in 
this  sense  possesses  the  extreme  of  delicacy;  but  when  turned,  it  no  longer  recovers  its 
position  by  vibration,  preparatory  to  assuming  its  final  condition  of  rest,  as  a  good 
balance  should  do,  but  assumes  a  condition  of  rest  at  once.  This  is  technically  called 
setting.  Hence  practice  indicates  that  an  efficient 
,.'-'^  balance  should  not  have  its  centre  of  gravity  exactly 

^  <  ^'  '"     coincident  with  its  centre  of  oscillation,  but  more  or  less 

'"*--..,0  above  it,  according  to  the  amount  of  weight  the  balance 

is  designed  to  carry.  This  deviation  is  indicated  by  the 
accompanying  diagram,  where  G,  as  before,  represents  the  centre  of  gravity,  and  Othc 
centre  of  oscillation.  Hence  it  may  be  remembered,  that  in  proportion  as  the  quantity 
intended  to  be  weighed  is  small,  so  ought  the  centre  of  oscillation  to  be  nearer  the 
centre  of  gravity,  oi  vice  versd.   ' 

The  greater  number  of  modem  balances  are  furnished  with  the  means  of  varying 
the  position  of  the  centre  of  gravity  at  pleasure,  by  the  elevation  or  depression  of  a 
screw  weight,  situated  either  above  or  below  the  beam.  Balances  used  for  the  mere 
I  purposes  of  mineral  assaying  need  not  be  adapted  to  the  carrying  of  larger  amounts  of 
weight  than  thirty  grains  in  each  pan ;  but  a  delicate  balance  for  general  chemical 
analysis  must  at  least  be  capable  of  sustaining  a  weight  of  one  thousand  grains  in  each 
pan,  and,  if  good,  should  turn  when  thus  loaded. with  a  thousandth  part.  Before 
employing  a  balance,  care  should  be  taken  that  it  stands  quite  evenly  on  the  table. 
This  is  easily  seen  by  means  of  two  spirit  levels  attached  to  the  base  plane  of  the 
instrument  case,  or  by  a  plumb  line.  The  adjustment  may  then  be  readily  effected  by 
means  of  screws  regulating  the  elevation  of  each  comer  of  the  frame,  or  case,  in  which 
the  balance  is  contained. 

Substances  to  be  weighed  should  be  rarely,  if  ever,  put  into  the  naked  pan  of  the 
balance,  but  inclosed  in  a  tube  or  capsule ;  nor  should  they  be,  under  any  circum- 
stances, introduced  whilst  hotter  than  the  surrounding  air.  Under  these  circumstances 
there  would  be  developed  an  ascending  current  of  air,  causing  the  body  to  appear 
lighter  than  reality ;  which  would  of  course  vitiate  the  result. 

Every  care  should  be  taken,  by  keeping  the  instrument  dry,  to  prevent  rust  or 
corrosion ;  but  if  by  chance  a  spot  should  be  rusted  or  corroded,  so  as  to  destroy  the 
equilibrium  of  the  beam,  never  under  any  circumstances  attempt  to  remedy  the  defect 
by  filing,  scraping,  or  scouring.  For  the  time  being,  accomplisli  equilibrium  by 
means  of  a  counterpoise;  and,  when  convenient,  let  the  philosophical  instrument- 
maker  do  the  rest. 

All  delicate  balances  have  their  points  of  oscillation  composed  of  a  steel  knife-edge 
working  on  agate  planes.  These  knife-edges  are  subject  to  be  damaged  by  sudden 
concussions ;  hence  the  impropriety  of  putting  anything  into  either  scale  whilst  the 
beam  is  in  motion.  It  should  therefore  bo  brought  invariably  to  rest,  and  the  weights 
added  or  subtracted  whilst  in  this  state. 

Although  a  hundredth  is  usually  the  smallest  submultiplc  of  the  given  amount 
employed  in  practice,  delicate  balances,  such  as  described,  are  always  preserved  in 
glm  cases,  for  the  purpose  of  protecting  them  against  duBt  and  moisture.     They 
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cannot  be  retained  without  damage  in  the  laboratoiy,  but  should  be  kept  in  a  dry- 
room,  and  a  basin  of  quicklime  should  be  placed  within  their  case  for  the  purpose  of 
absorbing  acid  fumes  and  moisture.  In  addition  to  the  delicate  balance,  scales  and  weights 
are  required  for  ordinary  operations ;  but  any  special  description  of  these  is  unnecessary. 

It  remains  to  be  stated  that  the  upward  pressure  of  atmospheric  air  against  a 
falling  body  (t.  e.,  in  the  case  under  consideration,  the  body  weighed)  is  not  usually 
taken  cognizance  of  in  conducting  the  operation  of  absolute  weighing,  as  distinguished 
firom  relative  weighing  (t.  e.,  taking  specific  gravities).  In  the  latter  case,  however, 
when  extreme  delicacy  is  required,  this  upward  pressure  must  be  accounted  for. 

Taking  Specific  Ozairities, — ^As  the  weight  of  a  body  is  the  numeral  expres- 
sion of  its  gravitating  force,  so  the  specific  weight,  or  specific  gravity,  of  a  body  is  the 
numeral  expression  of  its  gravitating  force  in  relation  to  an  equal  measure  of  some 
other  body  fixed  upon  as  a  convenient  unity  of  comparison.  Thus  if  we  consider  the 
weight  of  a  given  bulk  of  water,  for  example,  to  represent  unity,  we  may  state  that 
the  weight  of  an  equal  bulk  of  copper,  or  lead,  or  mercury  is  greater  than  that  of 
water  in  the  ratio  of  8*667,  11*381,  and  13*645,  which  numbers  are  said  to  represent 
the  specific  gravity  of  these  metals — water  being  the  accepted  standard  of  com- 
parison for  all  solids  and  liquids.  Again,  if  we  assume  the  weight  of  a  given  bulk 
of  atmospheric  air  to  represent  tmity,  we  may  state  that  the  weight  of  an  equal 
bulk  of  any  gas  or  vapour  is  so  much  greater  or  less  than  that  bulk  of  air,  which 
expressions  will  be  indicative  of  the  specific  gravity,  or  specific  weight,  of  such  gases 
or  vapours — ^air  being  accepted  as  the  standard  or  unity  of  specific  gravity  for  this 
class  of  substances. 

The  reason  why  water  has  been  accepted  as  the  standard  of  specific  gravity  for 
solids  and  liquids,  and  atmospheric  air  for  gases  and  vapours,  is  purely  one  of  conve- 
nience. Any  other  standard  might  have  been  selected  without  theoretically  affecting 
the  result. 

Such  being  the  explanation  of  what  is  meant  by  the  term  specific  weight  or  specific 
gravity,  the  theoretical  means  of  arriving  at  the  desired  result  are  obvious  ;  nothing 
more  being  necessary  than  to  select  equal  bulks  of  substances  to  be  operated  upon,  to 
weigh  them,  and  to  ascertain  the  ratio  between  their  respective  weights.  Thus,  for 
instance,  a  cubic  inch.of  water,  accurately  measured  at  the  temperature  of  60**  F., 
would  be  found  to  weigh  2o2'458  grains,  and  a  cubic  inch  of  the  metal  copper  3157*44 
grains,  thus  presenting  the  ratio  of  1  to  8*667  grains. 

In  practice,  however,  this  mode  of  taking  specific  gravities  is  rendered  impossible 
by  many  impediments.  Not  only  is  it  impossible  to  measure  out  equal  bulks  of  any 
substances,  but  in  many  cases  it  would  be  impossible  to  reduce  the  substance,  of  which 
the  specific  gravity  was  desired,  to  any  defined  mathematical  shape,  so  as  to  adapt  it  to 
the  process  of  direct  measurement.  Thus,  for  instance,  the  case  often  presents  itself 
where  the  specific  gravity  is  required  of  an  irregularly-shaped  specimen  of  metallic  ore, 
the  integrity  of  wluch  must  not  be  destroyed ;  here  the  process  of  attempting  to  reduce 
it  to  the  form  of  a  cube  could  not  be  entertained.  Again,  the  material  might  be  in  the 
condition  of  sand,  to  which  the  theoretic  indications  of  taking  its  specific  gravity  by 
direct  measurement  would  be  [equally  inapplicable.  Hence  certain  indirect  methods  of 
arriving  at  the  desired  result  must  be  devised. 

In  describing  these  indirect  methods  I  will  first  assume  the  case  of  an  irregular 
solid  mass,  of  which  the  specific  gravity  is  desired.  The  first  point  to  be  determined 
is  the  weight  of  its  own  bulk  of  water,  which  should  seem  obtainable  by  imsckS&T^isi^S^ 
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in  a  vessel  quite  fall  of.  that  liquid,  and.aocurately  ooUoeting  all  that  portion  of  water 
which  imght  be  displaced.  Practically,  however,  this  ia  impoaaible ;  for  not  only  would 
a:  portion  of  the  liquid  thus  circumstanced  adhere  round  the  sides  of  the  vessel,  but- 
another  portion  would  evaporate ;  to  say  nothing  of  the  occurrence  of  the ; well-known 
phenomenon  witnessed  in  pouring  a  liquid  into  a  dry  glass,  characterized  by  the  rise 

,  of  the  liquid  considerably  above  the  level  of  the  vessel.  Hence  some  more  indirect 
method  of  obtaining  the  weight  of  a  bulk:  of  water,  equal  to  that  of  the  substance 
operated  upon,  must  be  devised ;  and  the  following  consideration  renders  the  obtaining 
of  this  function  most  easy.  Any  substance  will,  if  immersed  in  water,  b^  pressed  up 
with  a  certain  fbrce  equal  to  the  weight  of  its  own  bulk  of  water.  Hcnoe,  if  the 
substance  to  be  immersed  be  made  to  depend  from  one  extremity  of  the-  beam  of  an 
equipoised  balance,  it  is  evident  that,  on  account  of  the  upward  pressure  of  the  water, 

.  a  temporary  loss  of  weight  of  the  substance  immersed  will  be  sustained ;  and  this  loss 
of  weight,  being  equal  to  the  weight  of  its  own  bulk  of  water,  may  be  readily  dfeter- 
Dwned  by  adding,  to  the  opposite  scale-pan,  such  an  amount  of  weight  as  will  suffice  to 
bring  the  beam  once  more  into  equilibrium.  Hence  the  practical  rule  to  be  fqllowed, 
in  taking  the  specific  gravity  of  substances  by  the  method  indicated,  may  be  succinctly 
said  to  consist  in  weighing  the  substance  to  be  examined,  fitst  in  air,  then  in  water 
and,  finally,  dividing  its  weight  in  air  by  its  loss  in  water. 

Reducing  these  directions  to  a  formula,  let.  the  specific  gravity  of  a  body,  be  repre- 
sented by  G,  its- weight  mstirhj  w,  its  weight  when  immersed  in  water  by  m>  —  x] 

ThenG=-^f? 

w  —  X 

After  what  hap  been  said  on  tho  variation  effected  by  atmospheric  air  on  the 

i  apparent  weight  of  bodies,  it  will  be  easily  inferred,  that  when  extreme  delicacy  is 

;  required,  the  weight  of  the  bulk  of  air,  equal  in  size  to  the  bulk  of  substance  operated 

i  upon,  must  be  taken  into  consideration.     If,  therefore,  we  indicate  this  element  of  cal- 

1  eolation  by  «,  the  formula  will  be  thus  modified : —  G  =  specifi6  gravity,  w  =  weight 

I  in  air,  w  —  a;  =:  weight  in  water,  u  =  weight  of  air  equal  in  bulk  to  that  of 

I  the  substance  operated  upon ; 


Then  G  = 


w  -^u 


U}    ^  U X 

The  modification  of  scale-beams,  by  which  specific  gravities  are  taken  as  indicated, 
consists  of  a  pan  suspended  by  shorter  wires  or  strings  than  those  employed  for 
common  purposes,  and  supplied  with  a  hook  inferiorly  attached  to  which,  by  a  hair  or 
fiilament,  the  substance  under  examination  is  intended  to  be  hung.  The  suspending 
filament  should  be,  by  preference,  unspun  silk  or  human  hair;  but  horse-hair  is 
frequently  used,  and  answers  sufficiently  well  when  tho  substance  under  consideration 
is  large,  and  extreme  accuracy  in  not  required. 

The  hair,  or  other  filament,  employed  as  a  means  of  suspension  between  the  pan  of 

the  balance  and  the  substance  to  be  weighed,  may  either  be  attached  to  the  latter 

directly  or  indirectly  :  if  indirectly,  a  double  metallic  hook,  as  represented  in 

the  accompanying  diagranij  is  employed ;  and  its  apparent  weight  in  water 

must  be  taken  into  account  in  calculating  the  result;     For  this  purpose  the 

I  apparent  weight  in  water  of  the  mineral  and  hoofc  being  noted,  the  mineral 

x^\      should  be  removed;  and  weights  being  nowtadded  to  the  suspending  pan,  until 

\^^^    the  re-establishment  of  an  equipoise,  the  amount  of  weight  thus  added  will 

be  equal  to  thd  apparent  weigl^i  of  the  hook  in  water. 
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Tile  -water  enxployed  is  always  understood  to  be  distilled  water,  at  a  temperature  of 
60°  F. ;  but  rain  water,  or  even  spring  or  river  water,  may  be  employed  in  some  cases. 
No  considerable  deviation,  however,  from  tbe  temperature  of  60"  P.  should  be  per- 
mitted, as  in  that  case  the  errors  arising  would  be  serious ;  and  care  should  be  taken 
that  no  air-bubbles,  which  may  accid^itally  attach  themselves  to  the  substance  under 
examination  on  to  the  suspending  filament,  remain  whilst  the  counterpoise  is  being 
effected.  With  distilled  water,  or  water  that  has  been  boiled,  no  such  bubbles  will 
occur ;  but  with  common  water  they  are  almost  invariably  present,  and  should  be 
carefully  removed  by  means  of  a  camel' s-hair  pencil. 

There  are  certain  cases  in  which  water  cannot  be  thus  directly  employed  because  of 
the  solubility  in  that  fluid  of  the  substance  to  be  examined.  This  remark,  for  example, 
would  apply  to  a  mass  of  sugar  or  of  soap,  both  of  which  are  readily  soluble  in  water. 
The  specific  gravity  of  such  bodies  may  be  determined  by  employing  certain  fluids  of 
known  specific  gravity,  and  in  which  they  are  insoluble.  Thus  pure  alcohol  might  be 
employed  in  the  case  of  sugar,  and  a  saturated  solution  of  salt  and;  water  in  the  case  of 
soap. 

Another  case  involves  the  taking  of  the  specific  gravity  of  a  substance  lighter  than 
water  j  under  which  circumstances  it  will  not  sink,  and  a  modification  of  the  process 
described  must  be  had  recourse  to.  The  weight  of  the  lighter  body  in  air  having  been 
determined,  and  of  the  heavier  body  in  water,  both  are  to  be  feistened  together,  and 
weighed  in  water,  when  their  aggregate  weight  will  fall  short  of  that  of  the  heaivier 
body.  The  weight  of  the  lighter  body  is  now  to  be  subtracted  from  that  of  the  heavier, 
body,  and  the  remainder  added  to  the  weight  of  the  former  in  air.  The.  qjiiotient. 
indicates  the  weight  of  a  quantity  of  water  equal  in  bulk  to  the  lighter  body.  The 
weight  of  the  lighter  body  in  air  being  now  divided  by  the  latter  sum,  its  specific 
gravity  is  deduced. 

The  heavier  body  thus  employed  may  be  the  supporting  hook  itself^  made  for  this. 

purpose  of  adequate  weight,  and  sufficiently  large  to  admit  of  being  bent  around,  the 

substance  to  be  immersed.     Supposing  the  weight  of  atmospheric  air  to  be.  omitted,  the 

formiila  in  this  case  will  bo 

r 
G.  = 


Or  u  being  the  weight  of ,  air  displaced  by  the  mineral, 

f,  w  A-  u 

w  -Y  u  -\-  X 

The  method  of  taking  the 'specific  gravity  of  disintegrated  partides  is  different  from 
that  already  described,  although  in  principle  it  is  identical ;  the  object  being  in  either 
case  to  determine,  as  a  preliminary,  the  weight  of  an  equal  bulk  of  water.  It  consists 
in  taking  a  bottle  of  such  a  size  as  to  contain  a  known  weight  of  water — say  1 ,000  or 
500  grains.  Such  a  bottle  being  accurately  filled  with  water,  a  given  weight  of  the 
powder  to  be  examined  is  dropped  in ;  when  it  follows  that  an  amount  of  water  equal 
in  weight  to  that  of  the  bulk  of  substance  imdor  examination  must  overflow,  and  which, 
although  it  cannot  be  coUected  and  weighed,  for  reasons  already  described,  may  be 
readily  estimated  by  the  loss  ;  thus  furnishing  the  usual  elements  of  calculation  for 
specific  gravities. 

Another  means  of  estimating  the  specific  gravity  of  powders  and  comminuted 
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particles  generally  consists  in  weighing  them  in  a  small  cup,  or  crucible,  as  hereafter 
represented. 

Here  the  cup  or  other  vessel  performs  the  function  of  the  double  hook, 
and  must  be  allowed  for  in  a  similar  manner. 

The  process  for  obtaining  the  specific  gravity  of  liquids  is  as  follows : — 
A  bottle  of  such  a  size  as  to  contain  a  known  weight  of  water  is  filled  with 
the  liquid  to  be  examined  and  weighed.  In  proportion  as  the  result  is 
greater  or  less  than  the  weight  of  water,  so  is  the  liquid  under  examination 
of  greater  or  lesser  specific  gravity. 

Let  a;  =  the  weight  of  the  bottle  filled  with  the  liquid,  and  stoppered ;  y  \ 

the  weight  of  the  bottle  filled  with  water,  and  stoppered   ;w  the  weight  of  the  bottle    \ 
empty  (t.  c.  filled  with  atmospheric  air),  and  stoppered, 

then  G  =  ^:ZJP. 
y  —  w 

Or  supposing  the  weight  of  air  contained  within  the  cup  to  be  estimated, 

then  G  =  1+iill^, 
y  -^-u  —  w 

In  order  to  save  trouble,  bottles  are  sold  so  adjusted  that  they  contain  a  known 

weight  of  water  at  60®  F.,  usually  500  or  1000  grains,  and  supplied  with  counterpoise 

or  tare  for  the  bottle  or  stopper.     These  instruments  are  purchased  under  the  name  of 

Jive  hundred  grain  or  thousand  grain  bottles,  and  are  obviously  calculated  to  save  time, 

inasmuch  as  only  one  process  of  weighing  has  to  be  performed,  and  the  specific  gravity 

of  a  substance  operated  upon  is  read  off  at  once  without  any  calculation.     These 

bottles,  however,  are  seldom  correct ;  moreover,  it  frequently  happens,  in  the  course  of 

chemical  operations,  that  the  specific  gravity  is  required  of  liquids  of  which  the  operator 

possesses  much  less  than  600  grains ;  and  when  mere  saving  of  time,  at  the  expense  of 

accuracy,  is  the  object  aimed  at,  this  can  be  still  better  accomplished  by  employing  the 

hydrometer. 

Ordinarily,  the  best  instrument  for  taking  the  specific  gravity  of  liquids  consists 

in  a  segment  of  glass  tube,  closed  at  one  end,  and  ground  at  the 

other.     Probably  the  most  convenient  size  for  general  purposes  is 

that  represented  by  the  accompanying  woodcut. 

Grinding  the  open  end  may  be  accomiplished  by  a  common  file 

used  wet,  and  the  cover  may  be  a  circular  disc  of  very  thin  wood 

or  glass.     Special  instructions  for  the  manufacture  of  small  glass 

instruments  will  be  hereafter  given.     It  may  be  as  well,  however, 

in  this  place  to  indicate  that  a  thin  piece  of  sheet  glass  may  be  cut, 

with  tolerable  facility,  tinder  water  oi'  other  liquid,  by  means  of  a 

common  pair  of  scissors ;  the  contact  of  liquid  preventing  the  spread  of  those  irregular 

vibrations  to  which  fractures  are  attributable.      Having  in  this  way   cut  out   a 

disc  of  the  size  required,  its  edges  should  be  trimmed  by  means  of  a  wet  file ;  and 

being  numbered  or  marked,  its  weight  should  be  taken,  and  recorded  in  the  laboratorj- 

book  for  reference. 

In  whatever  pieces  of  glass  apparatus,  subject  to  the  operation  of  weighing,  ground 

edges  occur,  care  should  be  taken  to  have  the  grain  so  fine  that  no  chips  are  likely 

to  be  removed ;  otherwise  the  weights  indicated  for  each  would  be  liable  to  continued 

variation. 
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The  operation  of  scratching  on  glass  may  be  conducted  either  with  a  variety  of 
diamond,  known  as  the  scratch  diamond,  sold  by  this  name  on  purpose ;  or,  what  is  just 
as  effectual,  the  angular  extremity  of  a  newly-broken  file.  Sometimes,  instead  of  a 
conventional  mark  inscribed  on  a  piece  of  glass  before  weighing,  the  actual  weight,  of 
course  written  after  weighing,  is  inscribed ;  this,  however,  is  a  bad  plan,  inasmuch  as 
the  abrasion  thus  accomplished  necessarily  vitiates  the  weight.  Supposing  a  disc  of 
glass,  having  the  area  of  the  diagram  below,  to  have  the  quantity  (gr.  10*59)  inscribed 
on  it,  the  abraded  glass  thus  removed  would  scarcely  amount  to 
less  than  the  two-hundredth  part  of  a  grain — ^an  error  more  than 
sufficient  to  vitiate  the  result  practically. 

It  remains  to  append  yet  a  few  other  remarks  on  the  subject  of 
taking  specific  gravities  by  these  little  cups.  The  liquid  having 
been  poured  in  at  the  proper  temperature,  rather  above  the  level 
of  the  edge,  the  glass  disc  or  cover  is  to  be  put  on  with  a  sliding 
motion,  so  as  to  exclude  every  bubble  of  air.  This  operation  will 
necessarily  cause  a  portion  of  the  liquid  to  overflow  and  stick  about  the  sides,  irom 
which  it  should  be  removed  by  the  continuous  use  of  blotting-paper ;  and  the  cup 
should  on  no  account  be  subjected  to  prolonged  contact  of  the  naked  hand,  which 
would  have  the  effect  of  causing  the  liquid  to  expand  and  overflow.  The  cup  must 
either  be  steadied  during  wiping  by  means  of  a  paper  loop,  or  else  by  the  finger, 
protected  either  by  gloves  or  intervening  cloth  from  immediate  contact  with  the 
glass. 

Occasionally  still  more  delicate  means  must  be  had  recourse  to  for  taking  the 
specific  gravity  of  liquids.  The  liquid  to  be  examined  may  be  so  exceedingly  volatile, 
or  so  small  in  quantity,  that  the  mere  act  of  pouring  it  into  a  cup  would  be  attended 
with  such  a  loss  as  would  prevent  the  cover  fitting  with  accuracy.  Under  these 
circumstances  the  following  plan  may  be  had  recourse  to : — 

Construct,  out  of  a  glass  tube,  a  small  bulb  with  a  tubular  capillary  opening, 
and  when  cold  weigh  it.    Next  wind  a  small  piece  of  platinum  wire  loosely 

and  plunge  the  bulb  into  the 


round  the  hooked  part  of  the  neck,  thus : 
Hquid  to   be  operated  upon  in  a   tube,      ^  thus: 
mouth  of  the  tube  now  with  the  thumb     /f     tightiy ; 
ing  the  flame  of  a  spirit-lamp  to  the  tube    Jk    contain- 
air   within   the    bulb  will  expand  and  |  ^  emerge, 
the    contents   to   cool,   the    liquid    will  V-/  rush  in 
lary  orifice,  and  partly  fill  the  bulb.    By  one  opera-     t^Tt^ 
bulb    can    never  be  completely  filled.      The  heating 
times  repeated  to  accomplish  this.    When  the  bulb  is 
should  be  first  allowed  to  cool  to  the  temperature  of  the 
It  should  then  be  immersed  in  water  at  60°;    and, 
being  removed,  and  dried,  if  necessary,  by  means  of 
it  should  be  weighed. 

The  unit  of  specific  gravity  for  gases  and  vapours  is, 
observed,  not  water,  but  atmospheric  air ;  and,  although  the  process  of  taking  the  specific 
gravity  in  this  case  presents  some  practical  difficulties,  its  theory  is  very  simple,  being, 
in  point  of  fact,  precisely  analogous  to  the  theory  of  taking  the  specific  gravity  of  fiuids. 
A  flask,  or  botUe,  having  been  weighed  when  full  of  atmospheric  air,  the  vessel  is  exhausted 
by  means  of  the  air-pump,  filled  with  the  gas  or  vapour  to  be  investigated  and  weighed 


Cover  the 
and  apply- 
ing the  liquid,  tho 
Now,  on  allowing 
through  the  capil- 
tion,  however,  the 
must  be  several 
filled,  the  tube 
surrounding  air. 
finally  (the  bulb 
blotting   -   paper), 

as  I  have  already 
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again,  Tm  dhmApTopoiUQii  aa  ita  eonteitts  ar&  Ugh  tor  or  heurmi  than  h^dinBy  so  is  t^e 
embsiojQOQ  undisr  exsmizuitioit  Hghtor  or  Kc'd^iei'  tKan  on  et^uol  bulk  of  atmoqilimc  air. 
The  RiimjerBi  espresaigu  of  this  diiBterence  is  its  gpccifiG  gmTity, 

AH  t^mt  has  "been  aaidf.  Bi^  to  the  ueoassity  of  avoidiiig  naked  contact:  of  the  liuitd 
vitli  ve59«b  contmmng  liquid  undor  proccsa  of  baYing  their  apeci£o  gfavi^  taken, 

applies  Trith  still  groatisr 
Ibrce  to  fiueh  easily  txpoiL- 
sibla  bodies  £ts  gases,  Moro- 
OTor»  ciirsj  should  bo  takcii 
that  thju  gases  under  ex- 
a.miiiii.tioii  have  been  per- 
fectly dried.  This  i&  ac- 
complidbed  by  ca;.U£tixg^  tbcm 
to  travaise  a  tdbo  filled 
witli  pioce«  of  diy  cMoride 
of  cdlciuin.  TJic  subjoined 
diagram  leprestJjita  a  tube 
of  chloride  of  talcium  (C), 
a  nifircury  trough  (M), 
and  a  fLnsk  preyiously  exhaust^  by  moana  of  the  aiir^pnmp  {^)* 

The  operation  of  taiing  tho  apepific  gravity ^of  vapours  or  forms  of  mattCT  which 
retain  theii"  elastic  g^coua  atate  only  within  ccrtaiiL  ranges  of  temperature,  req^turea 
another  mode-  of  procedure.  Tvn>  proces^^B  have 
Loen  devifled  for  effecting  thifl :  one  by  M,  Guj  Lus- 
SEW,  and  the  other  by  M.  Bumaa.  The  process  of 
M.  Gay  Luasac  is  oa  follows^ — A  amaU  bulb  of 
glass  (drawn  here  on  a  ma^i£ed  sculo,  A),  ter- 
minating in  a  small  capillary  jet,  i^  £lled  with 
the  liquid  substance,  whoso  vttpour  is  to  bo  ex- 
amined. Th^e  onBxie  of  the  jet  is  fuasd  by  meauB 
of  the  blow-pipo  ^ma,  tba  bulb  wiped  dry^  and 
placed  aside  for  present  use*  A  dish  of  meronry 
(ot)  is  now  taken  j  a  graduated  tube  (ci)^  ako  fall  of 
mercury,  inverted .  over  it,  as  in  a  ptLenmatic 
trougb ;  and  the  dlsb,  along  with  its  tube,  set  to 
hoatovor  a  ^moll  furnace  (h).  The  hia3ib  just  treated 
of  is  now  tbrust  nntlor  the  monl^  of  the  tube, 
without  raising  the  latter  from  the  mercury  \  wiien 
it  is  evident  tha  bulb  will  rise  through  ^  ^olunui 
of  mercury  t  untai  stopped  by  the  eloscd  end  of  the 
tube.  Matters  being  thu^  fEir  arranged,  a  cjlin- 
driord  glass  (d)^  open  at  botb  ends^  is  passed  ever 
tha  gtadnated  tube,  and  lowcred^untU  one  end 
tonehes  the  fiurfaoe  of  the  mercuiy  in  th^  tube,  and  thus  becomes  a  vessel  of  capacity^ 
imbo  which  some  colouxlesa  oil  is  poorsd,  until  the  inclosed  graduated  tube  is  com- 
pletely covered-  The  furnace  heat  boing  now'p-adualLy  raijied,  the  mercury  becomes 
hot ;  ceaunuiLifiating  its  beat  to  tiie  liquid  contents  of  the  little  bulh,  wMeh  form 
vapouj,  press  outwards,  bnrat  the  btilbj  depress  the  mercury,  and  porrade  the  tube  to 
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the  extent  of  Tapour  formed.  This  extant  can  be  read  off  through  the  oil,  and  czpresflca 
the  Qubio  coiitenta  of  the  yapour,  oonresponding  with  the  temperature  of  the  oil  and 
the  mercury  at  the  time  of  tiie  operation ;  which  temperature  is  taken  cognizance  of 
byt  a  thermometer.  It  is  evident  that  the  operation  just  described  furnishes  us  with 
aU  the  cloments  for  learning  the  specific  gravity  of  a  vapour  at  the  temperature  at 
which  the  operation  may  have  been  conducted ;  and  its  specific  gravity  at  other  tem- 
peratures may  be  deduced  by  means  of  a  calculus,  to  bo  explained  hereafter.  This 
process  answers  quite  well  fur  taking  tho  specific  gravity  of  many  vapours ;  but  it  is 
inapplicable  to  those  whose  existence  depends  on  such  an  amount  of  heat  as  would 
erase  the  decomposition  and  blackening  of  the  surrounding  oiL 

The  proeesa  of  M.  Dumas  is  applicable  to  all  vapours  whose  temperature  does  not 
exceed  that  of  melted  glass,  and  is  thus  conducted  :--Into  a  bulb  of  glass,  with  a  long 
capiUaiy  jet,  as  in  the  diagram,  is  put  a 
sBsU  portion  of  the  substance  to  bo  va- 
pomed;  and  the  bulb  being  completely 
ijBnersed,  by  means  of  a  contrivance 
represented  in  the  diagram,  in  a  metal  bath 
of  tin,  lead,  and  bismutii,  the  latter  is 
heated,  until  the  contained  substance 
risee  in  vapour,  and  all  the  excess  of  it 
over  and  above  the  amount  necessary  to 
fill  the  bulb  escapes  through  the  capil- 
lary jet.  This  point  may  bo  known  to  be  arrived  at  when  a  current  of  vapour  is 
no  longer  given  off;  and  bdng  observed,  the  end  of  tho  capillary  jet  is  sealed, 
the  bulb  removed  from  tho  metal  bath,  cleaned,  and  when  cold  accurately 
mghcd.  Supposing  the  operation  described  to  have  boon  accurately  conducted,  the 
whole  bulb  will,  if  the  end  of-  its  capillary  jet  be  broken  off  under  mercury,  become 
filled  with  that  metal.  Accordingly  this  is  the  next  step  of  the  operation :— Tho  bulb 
thus  filled  with  morcury,  and,  with  the  broken-off  end,  being  placed  cold  in  tho 
balance-pan,  are  also  weighed.  Finally,  the  mercury  is  removed,  weighed  alone,  afad 
now  we  hare  the  whole  data  necessary  for  calculating  the  specific  gravity  of  the 
vapour,-  as -will  presently  be  recognised. 

1.  By  weighing  we  learn  tho  weight  of  bulb  and  its  vaporous  contents. 

2.  By  weighing  we  learn  tho  weight  of  the  bulb  filled  with  morcury. 

3.  By  weighing  we  also  learn  the  weight  of  the  mercury,  whence  its  volume  may 
be  accurately  deduced,  inasmuch  as  one  cubic  inch  of  mercury  weighs  3425*35  grains. 

But  the  total  weight  of  bulb  and  mercury,  minus  the  weight  of  moreury,  it  equal 
to  the  weight  of  the  bulb  alone ;  and  the  weight  of  vapour  first  included  is  equal  to 
the  weight  of  the  bulb,  plus  vapour  minus  the  weight  of  bulb.  Moreover  the  weight 
of  mercury  contained  being  known,  and  hence  its  bulk,  the  weight  of  atmospheric  air 
equal  .to  that  bulk  of  mercury,  may  be  deduced  by  calculation. 

In  addition  to  the  methods  of  taking  specific  gravities  already  described,  there  exist 
others  which,  although  not  so  correct,  arc  occasionally  more  convenient,  and  thus  bettor 
addpted  to  the  ordinary  requisitions  of  cozhmerciol  and  manufacturing  chemistry. 

Of  these  instruments  tho  one  most  usually  employed  is  that  which,  in  a  generic 
sense,  is  tenned  the  hydrometer,  a  term  which  means  tho  measurer  (specific  gravity 
understood)  of  w«ter.  This  instrument,  however^  has  various  names,  accordingly  as 
it  may  be  gradoaited-for  alcoholio  liquors,  when  tho  specific  term  alcoholimeter  is 
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appKed;  for  milk,  when  it  is  called  a  lactometer;  for  sugar,  when  it  is  called  a 
saccharometer,  &c.  In  all  cases,  however^  thfe  principle  of  its  construction 
is  the  same,  and  founded  on  the  obvious  property  possessed  hy  a  body 
floating  upon  a  liquid  of  sinking  or  rising,  in  proportion  as  the  liquid  in 
which  it  floats  is  heavier  or  lighter;  or,  in  other  words,  possesses  a  greater 
or  lesser  amount  of  specific  gravity.  Hydrometers  are  graduated  in  nume- 
rous ways;  but  they  invariably  consist  of  an  elongated  vertical  stem,  a 
buoyant  bulb,  or  else  a  buoyant  solid  expansion,  and  a  terminal  weight,  as 
represented  in  the  accompanying  diagram. 

Cohesive  Attraction  is  a  property  which  is  common  to  a  great  variety 
of  bodies.  It  is  most  strongly  exerted  in  solids,  and  in  these  it  is  propor- 
tionate to  the  mechanical  force  required  for  effecting  their  disunion.  In 
liquids,  it  acts  with  considerably  less  energy ;  and  in  aeriform  bodies  we 
have  no  evidence  that  it  exists  at  all ;  for  their  particles,  as  will  afterwards 
bo  shown,  are  mutually  repulsive,  and,  if  not  held  together  by  pressure, 
separate'  to  great  distances.  The  force  of  this  attraction  is  not  only  different 
among  different  bodies,  but  in  various  states  of  the  same  body.  Thus,  in 
the  cohesion  of  certain  metals  (steel  for  instance),  important  changes  are 
produced  by  the  rate*  of  cooling,  by  hammering,  and  by  other  mechanical 
operations.  "Water,  also,  in  a  solid  state,  has  considerable  cohesion,  which 
is  much  diminished  when  it  becomes  liquid,  and  is  entirely  destroyed  when 
it  is  changed  into  vapour. 

The  most  important  view,  in  which  the  chemist  has  to  consider  cohesion,  is  that  of 
a  force  either  counteracting  or  modifying  chemical  affinity ;  for  the  more  strongly  the 
particles  of  any  body  are  imited  by  this  power,  the  less  are  they  disposed  to  enter  into 
combination  with  other  bodies.  In  many  cases,  a  very  powerful  affinity  existing 
between  two  substances  may  be  rendered  whoUy  inefficient,  by  the  strong  cohesion  of 
one  or  both  of  them.  Hence  it  has  been  received  as  an  axiom,  that  the  affinity  of  com- 
position is  inversely  proportionate  to  the  cohesive  attraction.  To  the  language,  however, 
in  which  this  axiom  is  expressed,  it  has  been  justly  objected,  that  it  implies  an  accuracy 
of  proportion  between  the  forces  of  cohesion  and  chemical  affinity,  which  cannot  be 
proved  to  exist;  since  all  that  can  truly  be  affii^med  is,  in  general  terms,  that  the 
affinity  of  composition  is  less  effective,  as  the  attraction  of  cohesion  is  stronger. 

The  cohesion  of  bodies  may  be  overcome  by  mechanical  operations,  as  by  rasping, 
grinding,  pulverising,  and  other  modes  of  division,  which  are  generally  employed 
as  preliminary  steps  to  chemical  processes.  In  some  instances,  even  a  minuter 
division  of  bodies  is  necessary  than  can  be  accomplished  by  mechanical  means ;  and 
recourse  is  then  had  to  precipitation.  Silica,  for  example,  in  the  state  of  rock  crystal, 
may  be  boiled  for  a  long  time  in  liquid  potassa  without  any  appearance  of  chemical 
action.  It  may  even  be  bruised  to  the  finest  powder,  without  being  rendered  sensibly 
soluble.  But  when  first  precipitated  from  a  state  of  chemical  solution,  it  is  readily  dis- 
solved by  that  menstruum,  and  even  by  some  weak  acids. 

A  vfduable  process  in  analytical  chemistry  depends  on  the  application  of  this  prin- 
ciple, and  its  remembrance  may  be  facilitated  by  its  introduction  in  this  place.  In  the 
analysis  of  a  silicious  mineral,  after  every  constituent  of  which  it  is  made  up  has  been 
brought  into  solution,  the  silica  is  separated  by  evaporating  the  whole  to  dryness,  and 
adding  an  acid.  Previous  to  evaporation,  the  silica  was  soluble  both  in  acids  and 
alkalies,  apparently  because  its  cohesion  was  reduced  to  the  lowest  grade.     After 
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evaporation  it  is  no  longer  soluble,  apparently  because  the  cohesion  between  its  particles 
has  been  increased  by  the  conlaraction  due  to  the  evolution  of  the  solvent  in  which  it  was 
held.  Hence,  in  actual  analysis,  the  Avhole  evaporated  matters  being  treated  with  an 
acid,  every  constituent,  silica  excepted,  is  dissolved. 

Cohesion  may  be  counteracted  by  heat,  applied  so  as  to  melt  one  or  both  of  the 
bodies,  if  fusible;  or  to  raise  them  into  vapour,  if  volatile.  Lead  and  sulphur 
contract  no  union,  till  one  or  both  of  them  are  melted  by  heat.  Arsenic  and  sulphur 
are  united  most  effectually,  by  bringing  them  into  contact,  when  both  arc  in  a  state  of 
vapour. 

Cohesion  may  also  be  counteracted  by  solution  ;  and  this  is  so  general  a  condition 
of  chemical  union,  that  it  was  formerly  received  as  an  axiom,  that  bodies  do  not 
act  on  each  other,  unless  one  or  both  are  in  a  state  of  solution  ;  a  principle,  to  which  the 
progress  of  chemical  science  has  since  discovered  many  exceptions. 

Solution  is  a  term  applied  to  a  very  extensive  class  of  phenomena.  When  a  solid 
disappears  in  a  liquid,  if  the  compound  exhibit  perfect  transparency,  we  have  an  example 
of  solution.  The  expression  is  applied,  both  to  the  act  of  combination,  and  to  the  result 
of  the  process.  When  common  salt,  such  as  is  used  in  cookery,  is  agitated  with  water, 
it  disappears ;  in  other  words,  its  solution  takes  place ;  and  we  also  term  the  liquid 
which  is  obtained  a  solution  of  salt  in  water.  This  is  one  of  the  simplest  cases  that 
can  be  adduced  of  the  efficiency  of  chemical  affinity;  for  solution  is  always  the  result 
of  an  affinity  between  the  fluid  and  the  solid  which  is  acted  upon,  often  feeble  it  is 
true,  yet  sufficient  in  force  to  overcome  the  cohesion  of  the  solid.  This  affinity  con- 
tinues to  act,  \m:til,  at  length,  a  certain  point  is  attained,  where  the  affinity  of  the 
solid  and  fluid  for  each  other  is  balanced  by  the  cohesion  of  the  solid,  and  the  solution 
cannot  be  carried  farther.  This  point  is  called  saturation,  and  the  fluid  obtained  is 
termed  a  saturated  solution. 

With  respect  to  common  salt,  water  acquires  no  increase  of  its  solvent  power  by 
the  application  of  heat ;  but  there  are  various  salts  with  which  water,  though  satu- 
rated at  the  common  temperature  of  the  atmosphere,  is  yet  capable  of  dissolving  a 
further  quantity  by  an  increase  of  its  temperature.  When  a  solution,  thus  charged 
with  an  additional  quantity  of  salt,  is  allowed  to.  cool,  the  second  portion  of  salt  is 
deposited  in  a  form  resembling  its  original  one.  In  a  few  instances  the  solvent  power 
of  water  is  diminished  by  raising  its  temperature.  Of  this,  an  example  is  furnished 
by  quicklime,  which  dissolves  more  abundantly  in  cold  than  in  hot  water.  Some  salts, 
also,  have  the  property  of  dissolving  most  abundantly  in  water  of  a  certain  tempe- 
rature, and  of  being  less  soluble  either  above  or  below  that  temperature.  Such  are 
the  sulphate  and  seleniate  of  soda  (35  Ann.  de  Ch.  et  de  Phys.  102). 

Crystallization. — ^To  recover  a  salt  &om  its  solution,  if  its  solubility  does  not  vary 
with  the  temperature  of  the  solvent,  as  conunon  salt,  it  is  necessary  to  expel  a  portion 
of  the  fluid  by  heat.  This  constitutes  the  process  of  evaporation.  If  the  evaporation 
be  carried  on  very  slowly,  so  that  the  particles  of  the  solid  may  approach  each  other  in 
the  way  best  adapted  to  them,  we  obtain  solid  figures,  of  a  regular  shape,  called  crys^ 
tals.  The  crystallization  of  a  solid  may  also  take  place  from  that  state  of  fluidity  which 
is  produced  by  heat.  Thus  several  of  the  metals  crystallize  on  cooling  from  a  melted 
state ;  and  some  volatile  bodies,  as  arsenic,  assume,  when  condensed  from  the  state  of 
vapour,  the  shape  of  regular  crystals. 

In  the  act  of  separating  £rom  the  water  in' which  they  were  dissolved,  the  crystals 
of  almost  all  salts  carry  with  them  a  quantity  of  water,  which  is  essential  to  the  regu- 
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larity  of  their  form,  and  oannot  be  expelled  without  reducing  them  to  shapeless  masses. 
It  istermed ^eirioaUr of  ertfstalUzation.  Its  proportion  varies  in  different  salts;  in 
some  it  is  extremely  emtli ;  in  others  it  constitutes  the  principal  part  of  the  salt,  and 
is  even  so  abundant  as  to  liquefy  them  on  the  application  of  heat,  producing  what  is 
called  the  watery  fmian.  In  every  salt  it  exists,  not  in  an  uncertain  but  in  a  definite 
proportion,  bearing  in  the  same  salt  the  same  ratio  to  the  solid  saline  matter,  but  dif- 
fering for  different  salts.  The  water  of  crystallization  is  retained  also  in  different  salts 
with  very  different  degrees  of  force.  Some  crystals,  which  lose  their  watery  ingredient 
by  mere  exposure  to  the  atmosphere,  are  said  to  effloresce ;  or  in  some  the  loss  is  so 
complete  that  they  become  anhydrous;  that  is,  others  retain  variable  quantities  of  water, 
according  to  the  hygrometric  state  of  the  air.  (Ann.  de  Ch.  et  de  Ph.  xxxii.  334.) 
Other  salts,  on  the  contrary,  not  only  hold  their  water  of  crystallization  very  strongly, 
but  even  attract  more ;  and,  on  exposure  to  the  atmos^ere,  become  liquid,  or  deliqtUate, 
The  property  itself  is  called  deliquescence.  There  are,  however,  a  few  salts  (as  sulphate 
of  potassa  and  chloride  of  sodium)  which,  though  their  forms  arc  perfectly  regular, 
contain  essentially  no  water  of  crystallization,  but  yet  hold  a  very  small  portion, 
mechanically  retained  between  the  plates  of  their  crystals. 

When  two  salts  are  contained  in  the  same  solution,  which  vary  in  their  degree  of 
solubility,  and  which  have  no  remarkaWe  attraction  for  each  other,  they  may  be 
obtained  separate.  For  by  carefully  reducing  the  quantity  of  the  solvent  by  evapora^ 
tion,  the  salt  whose  particles  have  the  greatest  cohesion  will  crystallize  first.  If  both 
salts  are  more  soluble  in  hot  than  in  cold  water,  the  crystals  will  not  appear  till  the 
liquid  cools.  But  if  one  of  them,  like  common  salt,  is  equally  soluble  in  hot  and  in 
cold  water,  crystals  will  appear,  even  during  the  act  of  evaporation.  In  this  way  we 
may  separate  nitre  from  common  salt,  the  crystals  of  the  latter  being  formed  during 
evaporation ;  while  those  of  nitre  do  not  appear  till  some  time  after  the  fluid  has  cooled. 

Salts,  which  are  deposited  in  regular  shapes,  generally  adhere  to  the  surface  of  the 
vessel  containing  the  solution,  or  to  any  substance,  such  as  pieces  of  thread  or  of  wood, 
introduced  for  the  purpose  of  collecting  them.  But  a  still  more  effectual  way  of 
inducing  crystallization  is  to  immerse,  in  the  solution,  a  crystal  of  the  same  kind  with 
that  which  we  expect  to  be  formed.  The  crystal,  thus  exposed,  receives  successive 
additions  to  its  several  surfaces,  and  preserves  its  form,  with  a  considerable  addition  to 
its  magnitude.  This  curious  fact  was  originally  noticed  by  Lc  Blanc,  who  has  founded 
on  it  a  method  of  obtaining  large  and  perfect  crystals. 

In  some  instances,  the  affinity  of  a  salt  for  its  solvent  is  so  powerful,  that  it  wiU 
not  separate  from  it  in  the  form  of  crystals ;  but  will  yet  crjrstallize  from  another  fluid, 
which  is  capable  of  dissolving  it,  and  for  which  it  has  a  weaker  affinity.  Potassa,  for 
instance,  cannot  be  made  to  crystallize  from  its  watery  solution,  but  will  yet  separate, 
in  a  regular  form,  from  its  solution  in  alcohol. 

To  clear  away  from  any  crystalline  product  the  mother  water^  as  the  remaining 
fluid  has  been  called,  Robiquet  recommends  the  transmission,  by  suction,  ot  a  current 
of  air  through  the  crystals.  The  simplest  way  of  doing  this  is  to  place  the  crystals  in 
a  glass  ftinnel,  the  pipe  of  which  is  loosely  stopped  by  a  little  cotton  wool,  and  then 
fixed  in  one  of  the  mouths  of  a  two*neoked  bottle,  the  juncture  being  made  as  nearly 
air-tight  as  possible.  A  bent  tube  being  also  fixed  tightly  into  the  otiier  neck,  and 
the  air  sucked  through  this  tube,  the  crystals  are  cleaned  in  a  few  ^eoondfl. 

It  fa  tiAual  with^matry  foreign  writers  on  ehemistry  to  make  a  distinction  between 
the  meaning  6f  the  tenna  soluti<m  and  distoltOkm.    By  the  fonuer,  they  nndemtand  the 
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mere  conversion  of  «  solid  into  a  liquid  by  some  jaenstranm,  or  tbe  imion  of  two 
liquids  with  each,  other,  ^witliout  any  other  change  of  quality  being  effected,  except  as 
regards  the  state  of  ot^esion ;  by  the  latter,  they  understand  not  only  the  oveicoming 
of  c(^e8i(Hi,  but  the  alteration  of  chenuoal  quality.  Thus  common  soda  (earb<mate  of 
soda),  if  treated  with  a  sufficient  amount  of  water,  becomes  converted  into  an  alkaline 
liquid,  from  which,  if  the  water  be  driven  away  by  heat,  carbonate  of  soda  unchanged 
remains ;  bat  if,  instead  of  water,  sulphuric  acid  (oil  of  vitriol)  be  used,  then  the  soda 
is,  as  before,  liqae&ed,  but  its  chemical  constitution  is  altered ;  so  that,  on  driving  the 
excess  of  fluid  away,  carbonate  of  soda  is  no  longer  reproduced,  but  a  combination  of  it 
with  sulphuric  acid. 

The  attraction  of  cohesion  is  the  force  which,  as  we  have  seen,  causes  similar  par- 
ticles to  become  aggregated  into  a  mass.  But  masses  thus  generated  may  be  charac- 
terized by  one  of  two  physical  qualities.  They  may  either  assume  well-defined  regular 
^apes,  bounded  by  planes  and  angles,  or  they  may  be  totally  devoid  of  such  regular 
shape.  Bodies  of  the  former  kind  are  said  to  be  crystalline ;  and  the  mathematical 
solids  which  they  generate  are  termed  crystals.  Those  of  the  second  kind  arc  termed 
amorphous— that  is,  without  foran  (definite  mathematical  form  understood) ;  and  bodies 
generating  such  masses  are  said  to  be  amorphous. 

A  casual  examination  of  solids  would  lead  to  the  impression  that  the  crystaUino 
state  is  the  exception,  not  the  rule,  and  that  by  far  the  greater  number  of  bodies  is 
amorphous.  There  is  reason  to  believe,  however,  that  the  direct  opposite  of  this  is 
true — that  all  solids  possess  the  tendency  to  assume  a  regularly  crystallized  condition ; 
and  when  the  reverse  obtains,  it  is  due  to  a  variety  of  interfering  causes.  Bodies, 
seemingly  the  most  opposed  to  the  crystalline  state,  nevertheless  can  be  sometimes 
made  to  assume  it  by  artificial  means ;  and  many  bodies,  seemingly  amorphous,  can,  by 
a  treatment  hereafter  to  bo  described,  be  demonstrated  to  contain  within  their  sub- 
stance crystals  in  a  latent  form. 

As  an  example  of  the  former,  the  simple  bodies,  sulphur  and  phosphorus,  may  be 
mentioned;  neither  of  which,  in  its  common  state,  has  the  appearance  of  crystallization ; 
sulphur  being  a  well-known  hard  amorphous  substance,  and  phosphorus  soft  like  wax. 
Each,  however,  maybe  made  to  crystallize  by  proper  treatment;  and  so  strongly 
developed  is  the  crystalline  tendency  in  sulphur,  that  it  may  be  made  to  crystallize  in 
two  different  systems.  ^ 

Carbon  may  be  cited  as  another  instance.  In  the  most  usual  condition  in  which 
this  element  occurs,  namely,  as  charcoal,  it  is  totally  devoid  of  crystalline  aspect. 
Nevertheless,  under  modified  circumstances,  it  not  only  crystallizes,  but,  like  sulphur, 
crystallizes  m  two  distinct  systematic  forms.  In  the  diamond,  carbon  famishes  crystals 
b€^nging  to  a  S3rstem  presently  to  be  treated  as  the  cubic  or  tessular ;  and  in  plumbago 
it  crystallizes  in  the  rhombohedral  system. 

As  examples  of  bodies  not  seemingly  crystalline,  out  of  which,  nevertheless,  a 
crystalline  fitructine  may  be  developed,  the  fbUowing  instances  may  be  selected. 

The  waalibrm  of  alum  is  crystalline ;  but  not  xinfrequentiy  masses  of  it,  seemingly 
amorphons,  nay  be  observed.  >If  one  of  tiiese  masses  be  immersed  in  a  limited  portion 
of  oold  water  (about  1^0  graxas  of  alinn  to  15  measured  ounces  of  water),  be  set  by  in 
«  quiet  place  for  :.three  or  fbnrw^eks,  and  attefitively  watched,  the  following  pheno- 
menon ^ivill  be  recogaisud,  Hhe  alum,  being  very  soluble  in  water,  will  begin  to  dis* 
aolve,  ^Mt^not-Mguiaxiy  0?«ny  part  of  its  surface  alike,  but  at  intervals  portions  will 
be dinoi«8d«uit,ileKving4»tibcr  portions  unaoted  upon  by  tiie  solvent.    GhraduaUy  the 
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remaining  portions  will  be  seen  to  haye  assumed  cryBtidline  forms  of  octohedrons,  and 
sections  of  octohedrons  in  high  relief,  and  of  various  dimensions.  These  will  have 
withstood  the  disintegrating  agency  of  the  water,  apparently  because  of  the  greater 
permanency  imparted  to  them  by  that  complete  exercise  of  cohesive  force  which  had 

been  employed  to  generate  crystalline 
forms.  This  new  process  of  dissection 
admits  of  extensive  application.  Borax 
in  the  course  of  six  weeks  exhibits  eight- 
sided  prisms  with  various  terminations ; 
and  other  salts  may  be  made  to  unfold 
their  external  structure  by  the  slow 
agency  of  water.  Carbonate  of  lime, 
carbonate  of  strontia,  and.  carbonate  of 
baryta,  give  also  distinct  results  when 
acted  upon  by  weak  acids;  and  even 
amorphous  masses  of  metals,  which  have 
a  tendency  to  assume  the  crystalline 
form,  such  as  bismuth,  antimony,  and 
nickel,  when  exposed  to  very  dilute 
nitric  acid,  presented  at  the  end  of  a  few 
days  distinct  crystalline  forms.  Large  crystals  of  sulphuret  of  antimony,  as  discovered 
by  Mr.  Faraday,  admirably  illustrate  this ;  and  it  is  also  Mr.  Darnell's  mode  of  dis- 
playing crystalline  texture.  "When  such  a  crystal  is  introduced  into  a  portion  of  fused 
sulphuret,  it  is  found  to  melt  down,  but  not  uniformly,  for  crystals  are  left  more  than 
half  an  inch  long  projecting  from  it.  (Quart.  Joum.  i.  24,  and  xi.  202  ;  also  Journal 
of  Royal  Institution,  vol.  ii.) 

In  this  manner,  by  employing  proper  solvents,  many  bodies,  not  commonly  asso- 
ciated in  our  minds  with  the  crystalline  character,  may  be  shown  either  to  contain 
crystals,  or  to  manifest  such  appearances  as  shall  be  indicative  of  that  exercise  of 
regular  cohesive  force  which,  if  further  developed,  would  have  ended  in  crystallization. 
Thus,  if  a  piece  of  tough  iron  wire  be  exposed  to  the  action  of  weak  sulphuric  acid  and 
water,  it  will  not  be  dissolved  on  all  parts  alike,  but  the  phenomenon  manifested  by  the 
alum  will  be  repeated,  although  to  a  less  marked  extent.  Regular  crystals  will  not  be 
developed  (although  iron  is  capable  of  assuming  such) ;  but  long  striae  will  appear 
giving  the  iron  the  aspect  of  a  fluted  column,  and  indicating  that  even  in  this  seemingly 
amorphous  mass  the  power  of  cohesion  had  begun  to  assume  a  certain  symmetry  of  agency. 
Before  proceeding  to  cite  other  instances  of  seemingly  amorphous  masses  developing 
under  proper  treatment  a  crystalline  structure,  I  shadl  here  mention  a  point  of  deep 
practical  interest  as  concerns  the  semi-crystalline  state,  which  even  wrought-iron 
(cast-iron  is  obviously  crystalline)  possesses  to  a  slight  extent,  and  which  can  be  fur- 
ther developed.  It  is  said  that  a  wrought-iron  bar,  however  non-crystalline,  and 
therefore  tough,  may,  by  a  series  of  beatings,  hammerings,  or  other  concussions,  be 
made  to  assume  the  semi-crystalline  character.  This  is  what  theory  would  have 
indicated  a  priori,  and  is  quite  consistent  with  analogies.  The  importance  of  being 
aware  of  this  fact  is  very  great.  The  tenacity  or  toughness  of  iron  entirely  depends  on 
its  freedom  from  the  non-crystalline  state ;  hence  the  acquisition  of  this  state  must 
necessarily  prove  detrimental,  often  dangerous,  in  all  cases  involving  the  use  of  wrought- 
iron  for  engineering  purposes.      Attention  has  been  chiefly  directed  to  the  fact  in 
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nference  to  the  axles  of  railway  carriages)  which  are  said  to  become  brittle  after  long 
UBBf  on  account  of  the  continnoos  friction  and  percussion  to  which,  whilst  in  use,  they 
are  exposed,  gradually  inducing  the  crystalline  state.  This  is  jiist  what  might  have 
been  expected,  a  priori.  Parallel  instances  are  frequently  seen.  For  example,  the 
non-crystalline  or  amorphous  character  of  barley-sugar  is  well-known ;  yet  in  this 
substance  the  tendency  to  a  crystalline  state  is  so  far  from  being  absent,  that  when  set 
aside  for  a  time,  and  more  especially  if  exposed  to  the  solar  rays,  minute  crystals  first 
become  deyeloped  on  its  surface,  imparting  a  general  aspect  of  opacity.  Gradually 
these  crystals  extend,  penetrating  deep  into  the  substance,  until  the  whole  stick 
becomes  crystalline.  Whilst  the  barley-sugar  was  amorphous  and  transparent  it  was 
also  tough ;  now,  however,  it  will  be  found  to  have  become  brittle,  and  may  be  frac- 
tured by  a  slight  blow,  or  broken  asunder  by  the  application  of  a  slight  lateral  force. 

Brass- wire  furnishes  another  example  of  the  assumption  of  a  crystalline  state  by  an 
originally  non-crystalline  body.^  When  new,  it  is  remarkably  tough  and  pliable ;  yet 
after  it  has  hung  for  some  time  exposed  to  mutations  of  temperature,  and  the  agency 
of  chemical  fumes,  as  in  a  laboratory,  for  instance,  it  occasionally  becomes  so  brittle 
that  a  yery  slight  force  serves  to  rend  its  particles  asunder.  Silver  occasionally  assumes 
a  precisely  similar  condition,  as  may  frequently  be  observed  in  vessels  of  this  metal 
used  for  chemical  purposes,  and  exposed  to  sudden  mutations  of  heat  and  cold.  Glass, 
too,  although  completely  amorphous  when  first  made,  takes  on  the  crystalline  aspect 
by  age.  Many  specimens  of  ancient  Egyptian,  Eoman,  and  Grecian  manufacture  have 
come  down  to  us  in  this  condition. 

A  similar  observation  has  been  made  by  Dr.  M^Culloch,  as  regards  the  crystalline 
texture  sometimes  acquired  by  certain  sorts  of  sandstone  which  have  suffered  long 
exposure  to  heat,  as  forming  the  hearths  of  furnaces.  Common  white  arsenic  (orsenious 
acid)  also  presents  a  familiar  example  of  an  amorphous  body  changing  to  a  crystalline 
one.  When  newly  sublimed  arsenious  acid  is  usually  transparent  like  glass,  and  pre- 
sents a  eonchoidal  fracture ;  but  after  the  lapse  of  a  certain  period  it  becomes  opaque, 
owing  to  the  formation  of  innumerable  crystals.  This  change,  although  usually  the 
result  of  a  considerable  time,  sometimes  takes  place  suddenly,  as  Professor  Hose  has 
remarked;  and  in  connexion  with  the  sudden  change  he  has  mentioned  a  curious 
phenomenon.  If  the  vitreous  acid  be  dissolved  in  hot  dilute  hydrochloric  acid,  crystals 
of  the  opaque  variety  are  occasionally  deposited,  a  bright  flash  of  light  being  emitted 
at  the  jformation  of  each  crystal.  If  the  hydrochloric  acid  solution  be  made  with  the 
dystalline  instead  of  the  vitreous  arsenious  acid,  the  peculiar  result  just  mentioned 
does  not  take  place. 

It  would  appear,  then,  from  a  consideration  of  these  instances,  that  the  amorphous 
state  of  Gohesion  is  by  no  means  to  be  considered  as  the  more  general  tendency  of 
inorganic  matter. 

Not  alone  do  many  seemingly  amorphous  bodies  gradually  assume  a  crystalline 
character,  but  certain  crystals  have  been  found  to  separate  themselves  after  a  time  into 
smaller  fragmentary  crystals,  sometimes  of  a  different  shape.  Thus,  if  crystals  of 
sulphate  of  magnesia,  or  sulphate  of  zinc,  be  heated  in  oil  to  a  temperature  of  about 
126**  they  become  opaque ;  and  on  being  fractured  the  particles  are  found  to  consist  of 
a  multitude  of  little  crystals.  (Methuon  in  Quart.  Jour.  1.,  p.  123  ;  Gregory  Watts, 
Ph.  Trans.  1804,  p.  279 ;  also  Mitscherlich).  Prismatic  crystals  of  sulphate  of  nickel 
and  seleniate  of  zinc  (Brande,  Manual,  p.  129)  when  exposed  to  the  sun  become 
opaque,  and  break  up  into  small  octohedrons. 

CH  EMISTRY.— No.  I.  0 
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It  U  n^cGsmry  to  rGmember  tliat  tlm  appell&tioti  a-^norphom^  although  liSteraEf 
iigal^iiig  absence  of  form,  is  used  hy  writers  on  cryatailography  merely  to  indicate 
the  absence  of  anc  quality  of  form,  namely,  tiiat  defined  by  Btraight  lines  and  angUi. 
The  quality  of  form  manifested  by  organic  beings,  and  chftracteri^cd  by  curveSj  is  not 
t^ken  eogm^anea  of  by  the  tcirm  amofphauii.  In  general  terms  we  may  ^tate  that  t^ 
peculiar  dseroise  of  cohesion,  which  reaults  iu  the  fonaation  of  cryatak,  belongs  ejctlu- 
siyely  to  inorganic  bodies,  and  is  incompatible  with  the  existence  of  life,  llonce  a 
ory^isl  may,  in  general  term^  be  stated  qa  ihe  mofit  peifeet  mamfasiation  of  a  dead,  as 
an  organ  ia  the  highest  maiufeBtatioii  of  a  Yital  or  living,  heing. 

In  ordizmTj  language,  the  term  crystal  ia  associated  with  transrpaieney ;  in  the 
language  of  science,  howeTer,  this  idea  ia  much  ejctended.  A  eryBtal  need  not  be 
transparent,  nor  colourless ;  on  the  contrary,  it  may  he  of  any  degree  of  opacity  and  of 
colour  J  tbt:  otJy  quality  n&cEfieary  for  it  to  poascaE,  in  order  to  eeme  under  the  denomi- 
nation of  a  crystalj  being  that  of  filling  a  apace  honnded  hy  light  lines  and  angles. 

The  next  important  point  to  be  investigated,  in  the  study  of  eryetolj^  is  the  different 
amount  of  cobesiye  force  e:^ercised  in  dift'eront  parte  of  a  crystal*  Thns,  for  in&tance, 
it  is  well  knoTiTi  to  lapidaries  tiat  a  er^'stolliised  preciotia  atone  cannot  he  cut  wilt 
e^unl  fueility  in  all  directions.  It  in  equally  w<ill  known  to  minoralDgisti^  also^  t^at 
crystalline  mineralB,  when  let  fall^  or  struck  at  random  witb  a  hammer,  do  not  break 
irregularly,  as  might  witbout  trial  bave  been  auppoaedi  but  ahiver  into  geometrical 
fragments,  having  some  close  relation  to  the  original  form*  In  tbia  way  mincralogiits 
hare  dissected  oryBtaUine  bodies,  bo  to  spOEik,  wdtk  the  object  of  discoTaring  the 
primitive  forms  of  which  they  were  assumed  to  be  composed. 

The  usual  figure  of  Derhyshlie  or  Fluor-spar,  is  a  enbei  whichj  if  ire  attilt©  with 


Cabe, 


Ottahedr^a> 


Fair  of  Tetmhedrons. 


ft  hammer  in  various  directions,  will  only  bo  found  to  yield  readily  in  ono  aeries.     The 

iiolid  angles  readily  chip  off,  but  it  will  be  impossible  to  strike 

^</  i^"^]?*l      °^  *^^  ^^  regular  slices  parallel  with  the  cubic  £aees.    Pro* 

'  2^rS^"^ — r~f/         ceeding  in  this  way,  di&secting  off  the  angka  or  eomera  1^ 

\  *    V  degrees,  we  develop  a  new  series  of  forms.     First  of  all  wl 

destroy  any^  or  all^  of  the  four  solid  angles  of  tbo  euhe,  re* 

placing  them  by  plane  triangles — increasing  in  area  as  the 

disaection  proceeds — until  we  end  hy  generating  a  figure  witli 

eight  aides,  the  octahedron  with  square  base,  and  wbieb  niaj 

bo  conceived  to  he  the  rcenit  of  placing  together,  baao  to  baae, 

a  pair  of  tetrahedrons. 

Oue  usual  form  of  calc  spar  is  a  sLi -sided  figure,  with  plane  ends  (the  hexagonal 

prism).     If  we  proceed  to  disaoct  a  crystal  of  this  tind  we  shall  find  another  law  of 
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clarage  to  bo  manifested.     Here,  it  is  not  the  solid  angles  which  yield  to  the 
How,  nor  all  of  fhe  sides  indiscriminately ,  but  tho  clcaTago  takes  place  as  follows :— 
Of  the  six  edges  on  tho  superior  piano  of  the  crystal,  three  yield   in  a  slanting 
^  direction;  and  out  of  the  six  edges  on  the  inferior  piano  three « 

also  yield  in  this  manner;   but  in  a  condition  of  double  alter- 
nation,   that  is   to  say,  numbering  the  corresponding  superior 
and  inferior  planes,   as  in  tho  diagram;  those  of  the   superior 
plane  which  yield  corresponding  with  the 
numbers  2  4  6;  those  of  the  inferior  plane 
which  yield  will  be  1  3  5.      Proceeding  in 
this  way  with  the  dissection,  wo  ultimately 
arrive  at  wha^  has  been  called  the  primitive 
form  of  the  Iceland  spar,  namely,  a  rhombo- 
hedron,  or  solid  figure,  all  of  whoso  sides  nrc 
parallel,    and    whose   plnncs    nre    rhonibd ; 
moreover,  tho  cohesive  force  which  <lelor- 
mincs  tho  formation  of  this  rhombohcdroii  is 
so  nicely  balanced  that  the  angles  which  measure  its  supcrlicios  are  105*  o' ;   and 
inasmucb  as  no  known  substance  crystallizes   in  rhoml).**  of    exactly  this  angle,  a 
mincralogical  characteristic  of  Iceland  spar  is  obtained.     Other  bodies  crystalline  in 
obtuse   rhombohedrons ;    thus,  for    instance,  pcarl-spnr,   iron-spar,    and   tourmaline 
crystallize  in  rhombohedrons ;  but  the  rhombohedrons  in  all  these  cases  vary  as  to 
the  meaaurement  of  the  angles.     Tho  primitive  angle  of  pearl-spar  is  IOCS',  of  iron 
spar  lOT**  fWoHaston,  PhiL  Trans.,  1812),  and  of  tourmaline  113'  10'. 

In  stating  these  measurement.*^,  however,  it  is  necessary  to  remark  that  they  are 
only  correct  for  a  moan  temperature  of  60'  P.  It  will  be  shown  hereafter  that  it  is  a 
property  of  all  crystals,  save  those  belonging  to  the  tessular  or  cubic  system,  to  expand 
unequally  on  being  heated,  and,  therefore,  to  cause  an  angular  variation.  Mitsoherlich 
(Ann.  de  Ch.  et  Phys.  xxv.,  108)  has  remarked  that  the  angular  variation  of  Iceland 
spar,  between  the  temperatures  of  32**  F.  and  212%  differs  to  the  extent  of  8'  5' ;  that 
is  to  say  the  smaller  axis  of  the  rhomboid  dilates  more  than  tho  longer,  thus  causing 
the  rhombohedron  to  approach  the  cubic  form. 

AltlioTigh  every  body  susceptible  of  crystallization  assumes  a  limited  number  of 
ciyBtalline  forms,  which  generally  belong  to  one  particular  system  for  each  body, 
jet  it  18  not  a  fact,  as  was  once  supposed,  that  identity  of  crystalline  form  bespeaks 
identity  of  chemical  composition.  The  recognition  of  crystalline  forms,  however, 
\sj  the  exact  measurement  of  crystalline  angles,  is  so  necessary  a  part  of  chemical 
science  that  a  description  of  tho  instruments  —  termed  goniometers  —  for  effecting 
this  may  not  be  out  of  place  here,  although  the  science  of  Crystallography  has  been 
80  largely  dwelt  upon  in  another  department  of  this  work,  by  Professor  Tennant  and 

the  Rev.  "W.  Mitchell,  as  to  render  any  lengthened 
details  unnecessary  here.  Carangeofs  goniometer,  re- 
presented by  the  following  wood-cut,  consists  of  two 
metal  rulers  fastened  together  at  the  pivot  ff,  in 
such  a  manner  as  to  constitute  a  pair  of  propor- 
tional compasses  in  the  angle  formed  by  the  diver- 
gent legs  of  which  the  angular  faces  of  the  crystal 
to  be  measured  is  pot,  care  being  taken  that  the  legs  of  the  compasses  touch  the 


20 


CRYSTALLIZATION. 


faces  of  the  crystal  in  lines  perpendicular  to  the  intersection  of  these  faces.  When 
the  legs  have  heen  thus  adjusted  the  instrument  is  removed,  and  the  axis  a  being 
brought  into  coincidence  with  the  corresponding  point  on  the  plane,  joining  the 
two  ends  of  the  semicircular  protractor,  and  in  direct  parallelism  with  the  plane 
itself,  the  angular  value  of  the  two  sides  under  mea- 
surement may  be  read  off.  This  instrument,  although 
simple  in  its  operation,  is  obviously  incorrect  for 
the  greater  number  of  crystals ;  inasmuch  as  those 
which  are  not  large  and  perfectly  formed  are  ill- 
adapted  for  measurement  by  this  plan  of  operation. 
A  far  more  correct  instrument  was  devised  by  Dr. 
"Wollaston.  Its  agency  depends  not  upon  the  prin^ 
ciple  of  measurement  by  contact,  but  by  taking  as 
radius  the  ray  of  light  reflected  from  any  crystalline  face  (Phil.  Trans.,  1809).  The 
following  description  of  Wollaston' s  goniometer  is  taken 
from  the  new  edition  of  Phillip's  Mineralogy,  by  Pro- 
fessor Miller  and  Mr.  Brooke : 

'^  A  graduated  circle,  L,  the  divisions  of  which  may 
be  read  off  to  minutes  by  means  of  a  vernier,  N,  is  fixed 
on  a  hollow  axle  which  may  be  turned  round  by  the 
milled  head,  M.  An  axle,  CS,  passing  through  the 
hollow  axle  of  L,  and  which  either  turns  with  the 
circle  L,  or  may  be  turned  independently  by  means  of 
the  milled  head  at  S,  carries  a  crooked  arm  GF.  The 
part  FG  is  connected  with  OF  by  a  joint  which  permits 
it  to  txun  round  an  axis  perpendicular  to  CS,  passing 
through  CS,  produced,  and  has  a  coUar  at  G  in  which 
the  pin  HK  turns  and  slides,  with  its  axis  perpendicular 
to  the  axis  of  FG,  and  passing  through  the  point  in 
which  SC,  produced,  intersects  the  axis  of  FG.  The 
crystal  is  fastened  by  means  of  a  soft  cement  to  a 
thin  plate  of  metal  fixed  in  a  slit  at  K. 

In  order  to  measure  the  angle  between  two  faces  of  a  crystal,  proceed  as  follows  :— 
Let  p  qhe  two  faces  of  a  crystal.  Make  the  intersection  ofp  q  parallel  to  the  axis  of 
the  circle,  and  as  nearly  coincident  with  it  as  possible,  by  means  of  the  angular  motion 
of  F  G,  and  the  angular  and  sHding  motion  of  H  K.  Place  the  instrument  upon  a 
firm  stand,  and  let  A  B  be  two  signals  in  a  plane  passing  through  a  point  K  in  the 
intersection  of  the  faces  ^  y,  and  perpendicular  to  the  axis  of  the  circle.  Turn  the 
circle  till  the  image  of  one  of  the  signals  A,  seen  by  reflection  in  the  face  p^  coincides 
with  B  viewed  directly,  and  read  off  the  arc  at  which  zero  of  the  vernier  stands.  Now 
turn  the  circle  until  the  image  of  A,  seen  by  reflection  at  y,  coincides  with  B,  seen  by 
direct  vision,  and  read  off  the  arc  at  which  zero  of  the  vernier  stands.  The  difference 
of  the  two  readings  will  measure  the  angle  between  the  faces  p  q.  If  a  face  r  belong  to 
the  zone  of  p  q,  it  will  be. parallel  to  the  axis  of  the  circle,  and  therefore  in  some  one 
position  of  the  circle  the  image  of  A,  seen  by  reflection  in  r,  will  coincide  with  B  seen 
directly.  Hence,  in  order  to  find  the  faces  which  belong  to  the  zone  containing  two 
given  faces,  we  must  adjust  the  crystal  as  for  the  purpose  of  measuring  the  angle 
between  those  faces,  and  then,  while  the  circle  makes  one  revolution,  observe  the  faces 
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that  afford  by  reflection  images  of  A  passing  through  B.  In  order  to  make  A  B  K  the 
plane  through  the  two  signals,  and  the  crystal  perpendicular  to  the  axis  of  the  circle, 
turn  the  stand  of  the  instrument,  or  move  A  till  the  image  of  A,  seen  by  reflection  in 
the  plane  sur&co  of  the  circle,  or  in  any  bright  plane  surface  fixed  parallel  to  it,  coin- 
cides  with  a  point  A  seen  directiy ;  the  distance  of  which  from  A,  in  a  line  parallel  to 
the  axis,  is  equal  to  twice  the  distance  of  the  crystal  from  the  plane  of  the  oirde,  or 
from  the  reflecting  surfeuse.  Let  a  solid,  haying  two  bright  parallel  surfacds,  be  fixed 
in  the  place  of  the  crystal,  and  adjiisted  till  the  image  of  A,  scon  by  refiection  in  either 
sor&ce,  describes  the  same  path  while  the  circle  revolves,  and  place  the  lower  signal 
B  in  the  path  traced  out  by  the  image  of  A.  Having  thus  made  the  plane  A  B  K 
perpendicular  to  the  axis  of  the  instrument,  the  intersection  of  the  faces  jt^  ^  is  known 
to  be  parallel  to  the  axis,  when,  on  turning  the  milled  head  S,  the  images  of  A,  seen 
by  reflection  in  p  q,  are  observed  to  pass  through  B.  The  adjustment  of  the  edge  p  q 
is  most  easily  made  by  cementing  the  crystal  to  the  plate  £  with  one  of  tho  two  faces 
j»— -for  example,  nearly  parallel  to  the  plate,  which  is  to  be  fixed  in  the  slit  at  tho  end  of 
H  K,  so  that  the  intersection  otpq  may  be  nearly  perpendicular  to  H  K,  and  therefore 
H  K  nearly  perpendicular  to  C  S.  By  turning  H  K  round  its  axis,  the  path  of  the 
image  of  A,  seen  inpy  may  be  made  to  pass  through  B ;  and  then,  by  turning  F  G  on 
its  axle  at  F,  the  path  of  the  image  of  A,  seen  in  j9,  may  be  madtf  to  pass  through  B  ; 
and  then,  by  turning  F  G  on  its  axle  at  F,  the  path  of  the  image  of  A,  seen  in  q,  may 
be  made  to  pass  through  B.  Should  the  latter  adjustment  disturb  the  former,  the 
process  must  be  repeated.  The  instrument,  as  it  is  usually  constructed  in  this  country, 
is  encumbered  with  a  spring  stop,  which  allows  the  circle  to  be  turned  in  one  direction 
only,  and  serves  to  fix  it,  not  very  accurately,  at  0  or  180®.  This  should  be  removed 
by  taking  out  the  screws  which  fasten  it. 

In  using  the  instrument,  it  will  be  found  most  convenient  to  turn  it  in  such  a 
direction  that  the  degrees  increase  in  passing  from  one  face  to  the  next. 

The  distances  of  the  two  signals  from  the  crystal  should  be  nearly  equal,  and  not 
less  than  six  or  eight  feet.  The  more  distant  the  better.  The  upper  signal,  when  the 
observations  are  made  in  the  day-time,  may  be  a  narrow  black  bar,  or  a  horizontal  slit 
in  a  screen  placed  in  the  upper  part  of  a  window,  parallel  to  the  axis  of  the  circle ;  and 
the  lower  signal,  a  white  line  on  a  black  ground,  also  parallel  to  the  axis  of  the  circle. 
In  some  cases  an  image  of  the  sun,  formed  by  a  lens  of  short  focal  length,  or  a  small 
round  hole  in  a  screen,  through  which  the  light  of  the  day  is  seen,  may  be  used  with 
advantage  for  the  upper  signal.  If  we  make  our  observations  at  night,  two  narrow 
slits  in  screens  (through  one  of  which  is  seen  the  flame  of  a  candle,  and  through  the 
other  a  sheet  of  paper  illuminated  by  a  candle  placed  behind  it),  answer  extremely  well 
fiir  the  upper  and  lower  signals  respectively. 

The  best  bright  signal  is  obtained  by  reflecting  the  light  of  the  sim  from  a  plane 
mirror,  or  heUostat,  through  a  triangular  opening  in  a  plate  of  metal,  which,  by  means 
of  a  slider,  may  be  diminished  or  increased  according  as  the  faces  of  the  crystal  are 
more  or  less  perfect.  The  faint  signal  may  be  a  horizontal  slit  in  a  plate  of  metal, 
illuminated  by  a  sheet  of  white  paper  placed  behind  it,  viewed  by  reflection  in  a  mirror 
of  black  glass.  The  signals  A  B  may  then  be  nearly  on  a  level  with  the  eye  of  the 
observer,  and  need  not  be  more  than  six  inches  distant  from  each  other.  In  making  our 
observations,  we  find  that  the  image  of  A,  seen  by  reflection  in  a  face  of  the  crystal,  is 
made  to  coincide  with  the  image  of  B,  seen  by  reflection  in  the  mirror,  which  should 
make  an  angle  of  about  40°  with  a  horizontal  plane.    When  the  mirror  is  attached  to 
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the  foot  of  the  goniometer,  onj  unsteadiness^  in  the  support  of  the  goniometer,  viU 
not  affect  the  accuracy  of  the  observations. 

It  is  not  essential  that  the  axis  of  the  goniometer  should  be  horizontal.  A  gonio- 
meter with  a  vertical  azis,  though  perhaps  not  quite  so  convenient  in  use,  is  tree  £rom 
some  sources  of  inaccuracy  to  which  a  goniometer  with  a  horizontal  axis  is  subject. 

When  the  points  of  ^  q,  at  which  the  reflections  take  place,  are  not  equally  distant 
from  the  axis  of  the  circle,  the  angle  through  which  the  cu'cle  revolves  between  the 
two  observations  wiU.  differ  slightly  from  the  angle  between  the  faces  ^  q.  This  error 
may  be  eliminated  when  the  angles  A  B  are  nearly  equidistant  from  the  crystal,  by 
turning  the  instrument  half  round  in  azimuth,  and  repeating  the  observation.  A 
mean  of  the  two  results  will  be  free  from  the  error  arising  from  the  eccentricity  of 
the  points  at  which  the  reflection  takes  place. 

"When  either  of  the  faces  is  large,  it  should  be  blackened  over,  except  at  the  point 
where  it  is  intended  the  reflection  should  take  place.  Any  error  that  may  arise  from 
imperfect  centring  of  the  circle,  will  be  eliminated,  if  the  observations  be  repeated,  so 
that  observations  at  a  given  face  be  made  with  zero  of  the  vernier  at  points  of  the 
graduated  circle,  distant  nearly  180°  from  each  other.  In  many  crystals  not  belonging 
to  the  cubic  system,  Mitscherlich  discovered  that  the  angles  between  certain  faces  vary 
slightly  with  the  temperature  of  the  crystal ;  thus  the  directions  of  the  dcavageg  of 
oalcite,  which,  at  the  ordinary  temperature  of  the  atmosphere,  make  angles  of  75"*  55' 
with  each  other,  become  more  nearly  right-angled  by  8°  5',  when  the  temperature  of 
the  crystal  is  increased  to  212°  Fah. 

Piactical  Applications.— Hitherto  the  theory  of  crystallization  has  been  con* 
sidered  abstractedly ;  it  now  remains,  therefore,  to  discuss  certain  useful  applications 
of  crystaUographic  knowledge.  To  the  mineralogist  an  acquaintance  with  the  crystaUO"- 
graphic  forms,  assumed  by  different  mineral  groups,  will  be  too  obvious  for  comment ; 
and  although,  contrary  to  the  doctrine  of  Haiiy,  it  be  not  true  that  identity  of  crystal- 
line form  is  infallibly  indicative  of  identity  in  chemical  constitution  for  all  crystals  not 
belonging  to  the  cubic  system,  yet  a  familiar  acquaintance  with  crystallography 
imparts  a  large  and  readily  available  knowledge  of  mineral  species.  This  kind  of 
knowledge  is  of  particular  use  in  cases  involving  the  investigation  of  valuable  crystaUine 
mineral  specimens,  which  it  would  be  undesirable  to  destroy  by  comminution,  for  the 
purpose  of  chemical  expeiiment.  Take,  for  instance,  the  case  of  the  diamond  and  rock 
crystal.  To  the  uninitiated  eye  these  substances  bear  a  remarkable  similarity.  Both 
are  oolouiless,  usually ;  both  are  endowed  with  high  refractive  powers ;  both  may  be 
found  in  the  same  locality.  In  the  rough  state,  rock  crystal  possesses  the  greater 
beauty ;  and  many  persons  have  been  deceived  as  to  the  real  quality  of  these  mineral 
crystalline  forms.  Professor  Tennant  relates  an  instance  in  his  lectures  of  a  Califomian 
gold-seeker.  Having  found,  in  the  prosecution  of  his  workings,  a  large  rock  crystal,  he 
was  offered  several  hundred  pounds  for  it  on  the  spot,  which  he  refused,  and  hurried 
home,  on  the  supposition  that  his  treasure  was  a  diamond.  Arrived  in  England,  he  at 
length  found  that  the  crystal  was  not  worth  so  many  shillings  as  he  had  been  offered 
pounds  for  it.  This  mistake  might  readily  have  been  obviated,  had  the  finder  known 
that  the  diamond  belonged  to  the  cubic  system,  and  rock  crystal  to  the  rhombohedral. 
Aooordingly,  whilst  the  diamond  crystallizes  in  cubes  or  their  derivatives,  rock 
cryatal  affects  the  i^ape  of  prisms,  having  six  sides,  terminated  by  similarly  aixed 
pfyramids. 

To  the  analytieal  chemist  a  knowledge  of  the  forms  in  which  different  substances 
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CTjrstallize  is  of  the  highest  importance^  as  enabling  him  to  ascertain  the  presence  of 
many  bodies  whose  peculiar  crystalline  aspect  may  haye  been  previously  known ;  as 
also  frequently  to  effisct  the  separation  of  one  body  from  another,  crcn  though  both 
flfaoald  be  susceptible  of  crystallisation.  The  student  may  form  an  idea  of  the  ready 
means  with  which  certain  salts  may  be  distinguished  by  their  crystalline  aspect  by 
diasolying  in  three  separate  tubes  of  distilled  water  respectively  a  little  chloride  of 
aodiam  (common  salt),  sulphate  of  magnesia  (Ejisom  salt),  nitro  (nitrate  of  potash),  and 
Ghuiber's  salts  (sulphate  of  soda),  and  evaporating  a  few  drops  of  each  of  these  solutions 
OQ  respective  pieoes  of  glass  very  slowly.  For  this  purpose  the  slip  of  glass  may  be 
held  about  six  inches  above  the  flame  of  a  candle,  or  placed  in  some  worm  place  to 
which  dust  cannot  gain  access.  As  the  process  of  evaporation  goes  on,  so  will  crystals 
beeome  deposited ;  and,  however  small,  may  bo  readily  discriminated  by  means  of  a  lens 
of  sufficient  power.  In  these  experiments  it  will  be  remarked  that  the  solution  of 
common  salt  deposits  its  crystal  first — a  circumstance  of  great  practical  importance  in 
many  operations,  and  which  will  be  further  adverted  to  hereafter.  Appended  is  a 
sketch  of  the  appearance  represented  by  this  series  of  four : — 


Common  Salt. 


Epsom  Salts. 


Nitre. 


Glauber's  Salts. 


ThiBB  it  is  evident  an  acquaintance  with  crystallography  may  become  an  aid  to  the 
chemist.  Frequently  he  has  to  pursue  an  elaborate  investigation  for  the  discovery  of » 
niimte  portions  of  white  arsenions  acid ;  and  here  again  a  knowledge  of  the  form  in 
wfdi^  ihe  substance  crystallizes  is  in  the  highest  degree  necessary.  If  only  the 
dKmsandth  part  of  a  grain  of  arsenious  acid  be  deposited  towards  the  closed  end  of  a 
SHiill  ^ass  tube,  and  cautiously  heated  by  means  of  a  spirit-lamp,  the  arsenious  acid 
win  soUime  fkrther  up  in  the  tube,  in  the  form  of  octohedral  cryrtidsy  easily  recognised 
by  means  of  a  lens.  No  other  substance  deposits  similar  cryitali  under  ainular  condi- 
tions ;  hence  the  test  becomes  extremely  valuable,  more  especially  as  it  involves  no 
loss  of  tbe  material — a  most  important  point  in  eases  of  medico-legal  investigations^ 
wherein  the  amounts  operated  upon  are  necessarily  minute,  and  their  preservation,  to 
take  before  a  jury  for  demonstration,  is  required. 

Hence  it  is  crviflentthat  a  fkmiliar  acquaintance  with  crystalline  forms  is  of  great 
importance  to  l^e  chemist  as  a  means  of  discrimination.  Of  not  less  importance  is  it 
as  a  mesxB  of  separation,  concerning  which  I  shall  now  append  some  exemplifications. 
In  Hie  manufiteture  of  gunpowder,  it  is  necessary  that  the  nitre  employed  should  be  freed, 
to  tile  greatest  practicable  degree,  from  the  common  salt  with  which  it  naturally 
occurs,  inasmuch  as  common  salt  has  the  pio|ieity  of  attracting  water  firom  the 
atmosphere,  and  ddiiquescing ;  thus  continually  rendering  substances  damp  with 
wftieh  it  may  come  into  contact.  This  separation  of  common  salt  from  nitre  is  effected 
by  ♦»Vi«g  advimtage  of  the  different  crystallizing  powers  of  these  two  substances.  If 
a  nitre  sd.ntion  he  mingled  with  a  solution  of  common  salt,  and  the  compound  mixture 
be  evopofated,  the  common  salt  will  be  deposited  first,  and  may  be  separated,  leaving 
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the  nitre  solution  pure.  This  is  the  process  had  recourse  to  in  practice;  and  its 
efficiency  depends  on  the  circumstance  that  nitre  is  more  soluble  in  hot  than  in  cold 
water ;  whereas  common  salt  is  equally  soluble  in  water,  hot  or  cold. 

The  iodine  manufacture  affords  another  instance  of  the  application  of  the  same 
principle.  "When  certain  varieties  of  sear  weed  are  incinerated,  their  ashes  are  found  to 
contain  various  salts,  which  may  be  dissolved  out  by  lixiviation.  On  subjecting  the 
lixiviated  fluid  to  evaporation,  carbonate  of  soda  crystallizes  and  deposits  first.  Indeed 
kelp  was  formerly  prepared  solely  on  account  of  the  carbonate  of  soda  it  yielded ; 
although  for  a  long  time  past  this  substance  has  been  obtained  much  more  economically 
as  a  result  of  the  decomposition  of  common  salt.  AVhen  the  carbonate  of  soda  has  been 
entirely  separated,  there  remains  behind  a  solution  containing  various  other  salts,  of 
which  the  iodide  of  sodium  is  the  chief.  On  carrying  the  evaporative  process  farther, 
this  too  may  bo  obtained.  Iodide  of  sodium,  or  the  liquor  containing  it,  is  now  the 
chief  source  of  iodine. 

A  very  beautiful  application  of  the  laws  affecting  crystallization,  by  which  a 

crystallizable  substance  is  separated  from  its 
impurities,  may  be  recognised  in  the  process  of 
sugar-refimng.  Metallic  cones,  ranged  apices 
downward,  each  apex  having  a  small  plugged 
orifice,  are  filled  with  a  magma  of  dark-coloured 
sugar ;  the  darkness  is  caused  by  molasses,  in 
which,  after  the  lapse  of  some  hours,  the  sugar 
crystallizes,  and  from  which  the  crystals  have  to 
be  freed.  This  is  accomplished  in  the  following 
manner : — 

Each  cone  is  put  to  stand  on  a  corresponding 
pot,  the  plug  in  the  apex  of  the  cone  having  been 
previously  removed.  In  this  way  a  very  large 
portion  of  the  treacle  drains  off.  Not  all,  how- 
ever, inasmuch  as  the  sugar,  if  scooped  out,  would 
be  more  or  less  yellow.  Hence  the  crystals  have 
to  be  washed  clean ;  and  great  ingenuity  has  been 
shown  in  devising  an  efficient  means  of  accomplish- 
ing this.  It  is  evident  that  water  would  be 
inapplicable,  since  this  liquid  would  dissolve  the  sugar.  Alcohol  might  answer  the 
purpose  tolerably  well,  if  it  were  sufficiently  cheap  to  be  employed.  Indeed  alcohol  is 
so  employed  for  this  purpose  in  the  East  Indies.  A  still  more  efficient  and  far  more 
elegant  plan,  is  generally  adopted  in  British  and  most  European  refineries.  Instead  of 
using  alcohol,  which  at  the  utmost  can  only  dissolve  out  the  treacle  and  leave  vacuities 
in  its  place,  an  already  saturated  and  colourless  solution  of  sugar  is  employed,  which, 
gradually  forcing  its  way  from  base  to  apex  of  the  cone,  and  penetrating  between  the 
loosely  impacted  crystals,  not  only  forces  the  molasses  away,  but  adds  a  fresh  coating 
of  sugar  to  the  crystalline  nuclei  already  existing. 

Inasmuch  as  the  formation  of  a  crystal  depends  on  the  most  perfect  agency  of 
cohesive  force,  in  deference  to  the  operation  of  which  particles  of  matter  are  impelled 
into  lines  and  planes  referable  to  determinate  axes  of  energy,  it  necessarily  follows 
that  the  most  perfect  conditions  for  effecting  crystallization  are  those  which  secure 
a  perfect  freedom  of  motion  amongst  themselves  of  the  particles  to  be  aggregated ;  and 


CRYaT^LLIZ&TiaK,  AKD  PEOCl£«i  Of  SOLUTION* 


2S 


although  ccrtam  solida  may,  as  we  huFe  bqcxi,  change  from  tho  amorphoua  to  the 
QijataUine  state  without  paaslng  from  t^o  iolid  atat(>,  yet  thetG  furnish  ocilj  sa  manj 
excoptlom  to  thfi  general  law,  Acco^ingly  tho  tlirce  grand  preLimiiuuy  conditioiui,  to 
the  ultimate  formation  of  eryitals,  are  (<i)i  aolution  ;  (d),  fuaiou ;  (c)^  yapomatiou.  Of 
thefl©  tliroe  conditiotia  eiampWa  of  the  first  and  the  tMrd  haye  already  cotoe  under  our 
nelice  uuILreotly,  and  the  second  haa  been  adyerted  to. 

More  dotidlL'd  obiervations  ooncemiug  all  these  iriil  now  he  given. 
The  proc^is  of  solution  accot^pH&hes  ihe  aeparation  of  aggtegat^^d  particlea  by  the 
interpoaitifin  of  the  adyent  between  ibf^m,  in  aueh  a  manner 
that  the  partidcs  axe  removed  beyond  the  sphere  of  eaeh 
otlier*B  coheeive  attmetioB,^ii  condition 
whieh  IB  represented  eonventionally 
by  the  append^  diagram.  The  central 
dots  are  aaaumed  to  repreaent  the  parti- 
cles themeelyes ;  the  eirclf'a  aurrounding 
them  to  de£no  the  extent  of  the  foroe  of 
cohcsiyo  attrition  for  each  partidc ;  and 
tike  horizoxital  parallel  lines  to  represeot  the  fluid  of  solution.  Und^  theae  theoretiGal 
eircmnfitances  it  will  be  manifest  that  the  particlea  cannot  aggregate  nntil  to  mneh  of 
the  solvent  fihall  have  been  remeyed  as  shall  bring  the  particles  withm  each  other's 
sphere  of  attrof^tion ;  when,  in  accordance  with  the  pestulate  laid  down,  the  particlt!a 
ahould  cohere. 

In  most  cases  the  power  of  nolutioo,  manifested  by  a  liquid,  does  not  depend  upon 
tlte  qiiantity  employed  alone,  hut  also  upon  the  degree  of  heat  to  which  it  may  have  h&Gn 
raised ;  whence  it  followa  that,  fla  a  general  nile^  bodlea  are  more  soluble  in  a  given 
liquid  hot,  than  wh^n  the  same  liquid  is  cold.  In  such  instances  cr^^'fltallization 
dways  takes  place  most  readily  as  the  aelyent  is  cooling ;,  and  certoin  subatoncea,  of 
Btnmg  crystalline  character,  are,  neyerthelesa,  totally  incapable  of  cryatalliaing  in  a 
temp<n^ture  at  which  the  solyent  holla  under  the  ordinary  preasurc  of  the  atmeephcrc. 
This  is  the  case  mth  sugar.  It  is  highly  crystaUixable  in  its  nature  ;  but  if  dissolved 
in  water,  and  the  water  dissipated  by  evaporation  at  the  boiling  tomperaturef  it  obsti- 
nately refuses  to  crystallize.  If,  howereri  a  ctureiit  of  cold  air  be  continnously  blown 
through  a  boiling  solution  of  sugar,  so  as  to  lower  the  temperature  of  the  mass  to  about 
ISO""  F*,  then  crystalHisation  readily  takes  place-  This  principle  has  been  taken  advan- 
tage of  in  the  manufaoturo  ef  sugar ;  but  its  efficiency  is  less  by  far  than  that  of  the 
vacumn-paBi — an  inatmment  which  will  be  hereafter  described. 

The  problem  of  removing  a  liquid,  by  means  of  eyaporationp  from  a  crystallizable 
body  held  in  solution  (in  order  that  the  latter  may  erystallisse,  withont,  at  tho  same 
time,  employing  a  temperatnre  detrimental  to  the  cry stallia able  material),  is  one  liiat 
hfts  frequently  to  be  solved  in  chemical  practice,  and  its  successful  accomplishment  is 
based  upon  the  following  comiidorations.  The  tendency  of  a  liquid  to  evaporate  is  due 
partly  to  the  rocogmzable  repulsive  ejects  of  heat,  and  partly  to  the  natural  repulsion 
(which  may  be  due  to  heat  also)  existing  between  the  partiides  of  ^uida  themselyes. 
The  agency  repreaaivc  to  evaporation  ia  atmospheric  pressure*  Hence,  to  the  extent 
that  we  remoye  atmospheric  pressure  from  a  liquid^  to  the  same  extent  do  we  tend  to 
promote  its  eyaporotion.  Many  yolatilc  liquids,  such  oh  ether,  chloroform,  &e.,  actu- 
ally boil  when  atmospherie  pressure  ia  remoyod  from  them  ;  so  prone  are  they  to  evapo- 
rate ;  and,  althongh  water  does  not  boil  under  these  eir«umstanccs,  yet  its  evaporatiye 
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tendency  is  so  much  increased  that  it  will  boil  on  the  application  of  a  very  low  degree 
of  heat.  These  facts,  more  fully  adverted  to  in  the  chapter  on  yaporization,  suggests 
the  basis  of  effecting  the  crystallization  of  solutions,  the  crystallizable  substance  con- 
tained in  which  would  be  damaged  by  exposure  to  an  increase  of  heat.  The  solutions 
are  placed  aside  in  yacuo,  and  a  material  being  plaocd  near  them  capable  of  absorbing 
the  vapour  as  it  rises,  a  continued  vacuum,  or  rather  an  approach  to  a  vacuum,  is 
maintained.  Generally  speaking,  the  vapour  thus  rehired  to  be  absorbed  is  that  of 
water;  hence  some  hygroscopic  material  is  the  proper  absorbent  substance.  Sul- 
phuric acid  is  most  commonly  employed  for  this  purpose ;  and  the  method  of  using  it 
will  be  fully  described  under  the  head  of  Evaporation. 

The  process  of  fusion  accomplishes  the  separation  of  aggregated  particles,  not  in 
consequence  of  the  interposition  of  a  solvent,  but  in  consequence  of  the  repulsive 
effects  of  heat,  which  indeed  we  are  almost  warranted  in  calling  the  universal 
solvent,  inasmuch  as  we  are  not  aware  of  any  one  substance  which  cannot  be  liquefied 
or  converted  into  vapour  by  the  application  of  a  sujficient  amount  of  heat.  Although 
the  seeming  effect  effusion  is  the  generation  of  amorphous  masses,  this  is  more  specious 
than  real.  Most  substances,  the  products  of  fusion  and  cooling,  although  apparently 
amorphous,  yet  develop  a  crystalline  texture  more  or  less  perfect  when  subjected  to 
the  corroding,  or  dissecting  agency  of  a  proper  solvent,  just  as  alum  was  found  to  un- 
ravel a  similar  texture  when  exposed  to  the  solvent  agency  of  water.  In  certain  casei^ 
not  only  may  these  crystals  be  dissected  out  from  the  cold  mass  in  which  they  have 
become  enveloped,  but  they  may  be  obtained  at  a  previous  stage ;  for  the  cooling  mass 
does  not  cohere  homogeneously,  but  the  first  solid  portions  are  crystals  surroimded  by 
the  yet  liquid  material,  which  latter  may  be  dexterously  poured  away,  leaving  the 
crystals  perfect.  Bismuth  and  sulphur  are  very  susceptible  of  being  thus  operated 
upon,  and  their  crystalline  texture  demonstrated.  If  either  of  these  be  melted  in  an 
iron  ladle,  and  the  melted  mass  set  aside  until  a  crust  forms  on  the  surface,  and  this 
crust  be  perforated  with  two  holes— one  to  admit  of  the  air  entering,  the  other  to 
admit  the  issue  of  the  yet  unsolidified  material  when  the  ladle  is  inverted—- there  will 
be  obtained,  in  either  case,  a  hollow  segment  of  a  sphere  crusted  over  in  all  directions, 
but  containing  variously  ramified  crystals  within.  If  now  the  flat  surface  of  the  crust 
be  chiselled  off,  the  underl3ring  crystdLline  forms  will  be  laid  bare.  This  means  of 
obtaining  crystals,  although  beautifully  illustrative  of  a  principle,  is,  ncverthdeas, 
but  seldom  taken  advantage  of  in  practice. 

The  process  of  vaporization  will  be  recognised,  on  refieotion,  to  furnish  the 
same  preliminary  conditions  to  crystallization  as  that  or  solution,  and  that  of  fusion  ; 
that  is  to  say,  the  freeing  of  particles  from  the  restraint  of  motion  amongst  them- 
selves, which  the  force  of  cohesion  opposes.  Camphor,  for  example,  is  prone  to 
aarame  the  crystalline  state ;  but,  if  aggregated  too  rapidly,  it  takes  on  the  amorphous 
appearance.  K,  however,  one  of  these  amorphous  pieces  of  camphor  be  very  gradually 
vaporized  or  sublimed,  the  volatile  particles  condense  in  regularly  crystallized  forms. 
This  phenomenon  may  frequently  be  seen  to  have  resulted  from  the  exposure  of  drug- 
gists' camphor  show-bottles  in  a  sunny  window.  Camphor  will,  after  a  time,  suUime 
in  crystalline  spangles.  In  this  instance,  moreover,  the  crystals  will  be  seen  to  haTe 
collected  in  that  part  of  the  bottle  nearest  the  li^t. 

The  suhetanoe,  iodine,  offers  another  familiar  example  of  a  body  whose  vapour 
readily  assumes  the  crystalline  condition.  If  some  powdered  ioAne  be  put  into  a  glass 
flask,  and  gently  heated^  first  violet  coloBred  vapours,  oharacteristic  of  iodine,  wiU  be 
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8oen  to  asoexuL    Soon  these  TaporouB  partidca  will  aggregate  in  the  upper  part  of  the 
flask,  and,  eyentaally,  well-formed  crystals  of  iodine  will  be  erident 

Whatever  be  the  method  resorted  to  for  the  doyelopmcnt  of  crystals,  whether  by 
er^oration  (sublimation)  of  the  solid  to  be  crystallized — whether  by  slow  cooling,  or  bj 
evapozation  of  the  liquid  in  which  the  substance  to  be  crystallized  has  been  dissolved, 
one  grand  principle  has  to  be  borne  in  mind.  The  operation  must  bo  so  slowly  con- 
ducted, that  the  particles  to  be  crystallized  may  have  the  freest  power  to  move  amongst 
themaelvcs  slowly  and  tranquilly ;  otherwise  pcrfectiou  in  the  resulting  ciystals  cannot 
be  attained,  and  a  solid,  more  or  less  amorphous,  wiU  result  In  a  great  majority  of 
instances,  the  means  of  ejecting  crystallization  resorted  to  by  the  chemist  is  that  of 
evaporation  of  the  solvent.  I  shall  therefore  subjoin  a  few  practical  remarks,  having 
special  reference  to  that  operation.  On  this  head,  no  invariable  rule  of  procedure  can 
be  g^iven,  inasmuch  as  the  exact  steps  of  the  evaporative  operation  vary  with  the 
nature  of  the  salt  to  be  obtained.  If  a  salt  be  equally  soluble  in  cold  and  in  hot  water, 
as  is  the  case  with  common  salt  (chloride  of  sodium),  then  -peiicct  crystals  may  be 
obtained,  even  during  the  pocess  of  boiling ;  which  is  to  be  regarded  as  manifesting 
the  highest  exercise  of  evaporative  energy.  If,  however,  as  is  more  frequently  the 
case,  the  salt  is  more  soluble  in  hot  than  in  cold  water,  then  the  best  general  rule  that  can 
be  given  is,  to  carry  on  the  evaporative  process  slowly,  until  a  pcUicle  forms  on  the  sur- 
fju^e  of  ihe  liquor  ;  then  to  put  the  solution  aside  in  a  cool  place,  allowing  it  to  remain 
perfectly  at  rest  Occasionally  rods  of  glass  or  wood,  filaments  of  string,  &c.,  are  put 
into  a  solution  from  which  crystals  are  about  to  be  deposited,  with  the  object  of  thus 
ajBTording  nuclei  on  which  the  first  crystalline  particles  may  aggregate.  This,  however, 
is  rather  a  practice  followed  in  certain  chemical  manufactures  on  the  largest  scale,  than 
in  the  chemical  laboratory.  Another  good  plan,  when  weighed  results  arc  not  required) 
consiatg  in  dropping  into  the  solution,  which  is  about  to  deposit  its  crystal,  a  few 
crystals  of  the  same  kind  already  formed.  Under  the  head  of  individual  crystalline 
bodies,  will  be  appended  all  audi  further  remarks  as  may  be  necessary  for  effecting 
their  crystallization. 


OF  CHEMICAL  AFFINITY,  AND  THE  GENERAL  PHENOMENA  OF 
CHEMICAL  ACTION. 

Chemical  affinity,  like  cohesive  attraction,  is  effective  only  at  insensible  dis- 
tances ;  but  it  is  distinguished  from  the  latter  force,  in  being  exerted  between  particles 
or  atoms  ot  different  kinds.  The  result  of  its  action  is  not  a  mere  aggregate,  having  the 
some  properties  as  the  separate  parts,  and  differing  only  by  its  greater  quantity,  but  a 
new  compound,  in  which  the  properties  of  the  components  have  entirely  or  partly  dis- 
appeared, and  in  which  new  qualities  are  apparent  The  combinations  effected  by 
chemical  affinity  are  permanent,  and  are  destroyed  only  by  the  interference  of  a  more 
powerful  force,  either  of  the  same  or  of  a  different  kind. 

As  a  general  exemplification  of  chemical  action,  we  may  examine  that  which  takes 
place  between  potaasa  and  sulphuric  acid.  In  their  separate  state,  each  of  these  bodies 
is  disdngoiahed.  by  striking  peculiarities  of  taste,  by  great  causticity,  and  by  other 
qualities.  The  alkali,  on  being  added  to  blue  vegetable  infusions,  changes  their  colour 
to  green,  and  the  acid  turns  them  red.    But  if  we  add  one  substance  to  the  other,  very 
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cautiously,  and  in  small  quantities^  examining  the  effect  of  each  addition,  a  point  will 
be  attained  at  which  the  liquid  possesses  neither  acid  nor  alkaline  qualities ;  it  may 
now  be  safely  applied  to  the  tongue — ^the  taste  is]  a  bitter  one —  and  the  mixture  will 
produce  no  effect  on  blue  vegetable  colours.  Here,  then,  the  qualities  of  the  constituent 
parts,  or  at  least  some  of  their  most  important  ones,  are  destroyed  by  combination. 
"When  characteristic  properties  thus  disappear,  the  bodies, combined  are  said  to  saturate 
each  other ;  and  the  precise  term  at  which  this  takes  place  [has  been  called  the  point 
of  saturation.  It  is  advisable,  however,  to  restrict  this  expression  to  weaker  combina- 
tions, where  there  is  no  remarkable  alteration  of  qualities,  as  in  cases  of  solution ;  and 
to  apply  to  the  results  of  more  energetic  affinities,  when  attended  with  loss  of  proper- 
ties, the  term  neutralization. 

At  the  same  time  that  the  properties  of  bodies  disappear  on  combination,  other  new 
qualities,  both  sensible  and  chemical,  are  acquired ;  and  the  affinities  of  the  compo- 
nents for  these  substances  become  in  some  cases  increased,  in  others  diminished  in 
energy.  Sulphur,  for  example,  is  destitute  of  taste,  smell,  and  action  on  vegetable 
colours;  and  oxygen  gas  is,  in  other  respects,  equally  inefficient.  But  one  of  the  com- 
poiuids  of  sulphur  and  oxygen  is  intensely  acid ;  the  minutest  particle  instantly  reddens 
blue  vegetable  infusions ;  and  the  acid  is  disposed  to  enter  into  energetic  combination 
with  a  variety  of  bodies,  for  which  its  components  evinced  no  affinity.  Facts  of  this 
kind  suffieiently  refute  the  opinion  of  the  older  chemists,  that  the  properties  of  com- 
pounds are  intermediate  between  those  of  their  component  parts  ;  for,  in  instances  like 
the  foregoing,  the  compound  has  qualities,  not  a  vestige  of  which  can  be  traced  to 
either  of  its  elements. 

It  is  not,  however,  in  all  cases  that  the  change  of  properties  is  so  distinct  and  appre- 
ciable by  the  senses,  as  in  the  instances  just  described.  In  some  examples  of  chemical 
union,  the  change  is  scarcely  perceptible  to  the  eye  or  the  taste,  when  the  chemist  is 
nevertheless  certain  that  combination  must  have  taken  place.  This  occurs  chiefly  in 
the  mixture  of  saline  solutions  with  each  other,  where  a  complete  exchange  of  prin- 
ciples often  ensues,  without  any  evident  change  of  properties.  Examples  of  this  kind 
cannot,  however,  be  understood,  till  the  subject  of  complex  affinity  has  been  first 
elucidated. 

The  existence  of  chemical  affinity  between  any  two  bodies  is  inferred,  therefore, 
from  their  entering  into  chemical  combination ;  and  that  this  has  happened,  a  change 
of  properties  may  be  considered  as  a  sufficient  proof,  even  though  the  change  may  not  be 
very  obvious,  and  may  require  accurate  examination  to  be  perceived  at  all. 

The  proof,  which  establishes  the  nature  of  chemical  compounds,  is  of  two  kinds, 
synthesis  and  analysis.  Synthesis  consists  in  effecting  the  chemical  union  of  two  or 
more  bodies ;  and  analysis  in  detaching  them  from  each  other,  and  exhibiting  them  in 
a  separate  state.  But  it  is  seldom  that  we  can  separate  two  bodies  from  each  other 
without  employing  a  third,  and  thus  forming  some  fresh  compound.  When  this 
new  compound  is  one  of  known  composition,  the  evidence  of  analysis  is  still  equally 
complete.  When  we  have  a  compound  of  two  or  more  ingredients,  which  are  them- 
selves compounded  also,  the  separation  of  the  compounds  from  each  other  may  be  called 
the  proximate  analysis  of  the  body ;  and  the  further  separation  of  these  compounds  into 
their  most  simple  principles,  its  ultimate  analysis.  Thus  the  proximate  analysis  of 
sulphate  of  potassa  consists  in  resolving  it  into  potassa  and  sulphuric  acid;  and  its 
ultimate  analysis  is  effected  by  decomposing  the  potassa  into  potassium  and  oxygen, 
and  the  sulphuric  acid  into  oxygen  and  sulphur. 
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When  the  analysifl  of  any  substance  has  been  carried  as  far  as  possible,  we  arrive 
at  its  most  simple  principles,  or  eiemmtts.  By  the  expression  element  we  are  to  under- 
stand, not  a  body  that  is  incapable  of  further  decomposition,  but  one  which  has  not  yet 
been  decomposed.  The  progress  of  chemical  science,  for  seyeral  centuries  past,  has 
mainly  consisted  in  canning  still  &rther  the  analysis  of  bodies,  and  in  preying  those 
to  be  compounded  which  had  before  been  considered  as  elementary. 

At  present  chemists  are  acquainted  with  sixty-two  or  sixty-three*  elementary  bodies, 
the  names  of  which,  as  well  as  their  symbolical  contractions,  are  appended : — 

Aluminium  ....  Al. 

Antimony"   ....  St.  (Stibium). 

Arsenic As. 

Barium Ba. 

Bismuth Bi. 

Boron B. 

Bromine ' Br. 

Cadmium      ....  Cd. 

Calcium Ca. 

Carbon C. 

Cerium Ce, 

Chlorine CI. 

Chrome Cr. 

Cobalt Co. 

Copper Cu. 

Bidymium    .     .    .     .  D. 

Bonorium      ....  Do. 

Erbium E. 

Fluorine F. 

Glucinium    .     .     .     .  G. 

Gold Au.  (Aurum) 

Hydrogen     .     .    .    .  H. 

Iodine I. 

Iridium Ir. 

Iron Fe. 

Lanthanium.     ...  La. 

Lead Pb. 

lithium L. 

Magnesium  ....  Mg. 

Manganese   ....  Mn. 

Mercury Hg. 

Molybdenum     .     .    .  MO. 

Beside  the  alteration  of  properties,  which  usually  accompanies  chemical  action, 
there  are  certain  other  phenomena,  which  are  generally  observed  to  attend  it. 

1st.  In  almost  every  instance  of  chemical  union,  the  specific  gravity  of  the  compound 

is  greater  than  might  have  been  inferred  from  that  of  its  components ;  and  this  is  true 

both  of  weaker  and  more  energetic  combinations.    When  equal  weights  of  water  and 

sulphuric  add  are  made  to  combine,  the  specific  gravity  of  the  resulting  liquid  is  not 

*  The  existence  of  Donarium,  as  a  separate  element,  is  doubtf al. 


Nickel      .     . 

.     Ni. 

Niobium  .     . 

.    Nb. 

Nitrogen  .     . 

.    N. 

Norium    .     . 

.    Nr. 

Osmium   .     . 

.     Os. 

Oxygen    . 

.    0. 

Palladium     . 

.    Pd. 

Pelopium .    . 

.    PI. 

Phosphorus  . 
Platinum .     . 

.    P. 

.    Pt. 

Potash      .     . 

.     K.  (Kalium). 

Hhodium  , 

.    R. 

Huthenium 

.    Rt 

Scheelium 

.    W.  (Wolfram). 

Selenium .     . 

.     Se. 

Silicon      . 

.     Si. 

Silver  .     . 

.    .    Ag. 

Sodium     . 

.     .    Na.  (Natrium  \ 

Strontiimi 

.     .     Sr. 

Sulphur    . 

.     S. 

Tantalum 

.    Ta. 

Tellurium 

.    .    Te. 

Terbium  . 

.     .    Tr. 

Thorium  . 

.     .    Th. 

Tin      .     . 

.     .     Sn.  (Stannum'* 

Titanium  . 

.    .    Ti. 

Uranium  . 

.    .    U. 

Vanadium 

.     .    Va. 

Yttrium   . 

.    .    Y.     • 

Zinc    .     . 

.    .    Zn. 

Zirconium 

.     .    Zr. 
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the  mean,  but  considerably  greater  than  the  mem;  liiis  hm  ezteoda  also  to  solids. 
But,  though  geveral,  it  is  not  universal^,  fbr  in  a rerj  f)»w  hostSEBeea,  eUaiy  of  ac^rifoim 
fluids,  condensatiDn  does  not  attend  chemical  union ;  in  the  oombinatian  of  some  mefsb 
with  each  other,  even  the  reTerse  takes  place ;  the  oompomid  being,  in  a  i&w  cases, 
specifically  lighter  than  might  have  been  expected,  itom  the  specific  gnrvity  of  its 
elements,  and  their  proportion  to  each  other. 

2ndly.  When  bodies  combine  chemically,  it  may  be  received  as  a  general  fkct,  that 
their  temperature  changes.  Equal  weights  of  oil  of  vitriol  and  water,  both  at  the 
temperature  of  50°  of  Fah.  are  heated,  by  sudden  mixture,  to  considerably  above  212°. 
In  other  examples  a  contrary  effect  takes  place,  and  a  diminished  temperature,  or,  in 
other  words,  a  production  of  cold,  is  observed.  This  is  all  that  it  is  at  present  necessary 
to  state  on  the  subject,  which  will  be  more  fully  considered  when  we  come  to  treat  of 
caloric. 

3rdly.  The  forms  of  bodies  are  often  materially  changed  by  chemical  combination. 
The  solids  may,  by  their  union,  become  fluid ;  or  two  fluids  may  become  solid.  Solids  are 
also  often  changed  into  aeriform  fluids ;  and,  in  many  instances,  the  union  of  two  airs, 
or  gases,  is  attended  with  their  sudden  conversion  into  the  solid  state.  By  long 
exposure  of  fluid  quicksilver  to  a  moderate  heat,  we  change  it  into  a  reddish  scaly  solid; 
and,  by  heating  this  solid  in  a  retort,  we  obtain  an  aeriform  fluid,  or  gas,  in  considerable 
quantity,  and  recover  the  quicksilver  in  its  original  form. 

4thly.  Change  of  colour  is  a  frequent,  but  not  universal,  concomitant  of  chemical 
action.  In  some  cases  brilliant  colours  are  destroyed,  as  when  chlorine  is  made  to  act 
on  solution  of  indigo.  In  other  instances  two  substances,  which  are  nearly  colourless, 
form,  by  their  union,  a  compoimd  distinguished  by  beauty  of  colour,  as  when  liquid 
potassa  is  added  to  very  dilute  syrup  of  violets.  Certain  colours  appear  also  to  belong 
essentially  to  chemical  compounds,  and  to  be  characteristic  of  them.  Thus  100  parts 
of  quicksilver,  and  4  of  oxygen,  invariably  give  a  black  compound ;  and  the  same 
quantity,  with  8  parts  of  oxygen,  afibrd  as  invariably  a  red  compoimd. 

Proportions  in  which  Bodies  Combine. — Certain  leading  points  of  distinc- 
tion existing  between  the  three  forces,  gravitation,  cohesion,  and  chemical  affinity, 
have  been  already  pointed  out.  There  is  another  especially  characteristic  of  affinity, 
and  which  has  been  purposely  deferred  until  this  opportunity — ^namely,  the  proportions 
in  which  bodies  combine. 

On  reconsidering  the  conditions  under  which  gravitation  and  cohesion  are  exercised, 
it  will  be  evident  that  the  operation  takes  place  between  any  portions  of  ponderable 
matter  without  limit.  Thus  in  the  case  of  gravitation,  all  matter,  of  whatever  weight 
(t.  e.,  of  whatever  number  of  ponderable  particles),  is  attracted  towards  the  nearest 
centre  of  preponderating  gravitation — ^that  is  to  say,  for  all  cases  of  terrestrial 
observation  towards  the  centre  of  the  earth. 

Again,  referring  to  the  circumstances  under  which  the  attraction  of  cohesion 
exercises  itself,  we  shaU  find  that  any  conceivable  amount  of  similar  particles  may 
unite  to  any  other  conceivable  amount,  and  constitute  a  mass. 

As  regards  the  exercise  of  affinity,  or  chemical  attraction,  it  is  otherwise ;  not  only 
must  the  particles  which  it  is  desired  to  associate  be  of  the  proper  kind,  but  they  must 
bear  to  each  other  a  particular  ratio,  or  else  combination  does  not  take  place.  As  a 
simple  illustration  of  this  proposition,  the  composition  of  water  may  be  cited.  This 
liquid  may  be  decomposed  by  various  means,  to  be  described  hereafter.  The  most 
convenient  process,  however,  is  by  means  of  voltaic  electricity.    If  any  quantity  of 
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g  I  By  weight. 
J  >  By  measure 


wBtar  Im  toloBB  and  dtoonpcMod  iato  its  two  oanidtaeiit  gtses,  osygcn  and  hydrogen, 
the  former  will  be  to  the  latter  in  the  rstio  by  weight  of  eight  to  one,  tnd  in  the 
ratio  bj  measue  of  one  to  two. 

Sadi  is  the  composition  of  water,  as  made  known  1o  us  by  analysis,  and  of  which 
synthesis  aflbrds  a  confirmation.  If  two  measures  of  hydrogen  be  mixed  with  one 
measure  of  oxygen,  and  ignited  by  means  of  the  electric  spark,  the  result  is  water. 

The  combination,  it  will  be  remarked,  has  taken  place  in  the  exact  ratio. 

ITydrofcen 
Oxygen   . 

Hydrogen 
Oxygen   . 

If,  for  the  soke  of  experiment,  nine  parts  by  weight  of  oxygen  wore  mingled  with 
one  part  by  weight  ol  hydrogen,  then  the  ninth,  or  additional  part,  would  not  enter 
into  combination,  but  would  remain  behind  in  tlie  gaseous  form.  If  one  and  a  half 
parts  of  hydrogen  were  mixed  with  ci^t  of  oxygen,  and  inflamed,  tlien  the  additional 
half  would  not  combine.  Indeed,  no  combination,  except  that  of  water,  can  be  formed 
by  the  direct  mixture  and  explosion  of  oxygen  and  hydrogen  gases ;  and  tlie  comx)osition 
of  water  is  fixed  and  invariable.  By  haying  recourse  to  an  indirect  mcth'^d,  a  second 
oompound  of  hydrogen  and  oxygen  may  be  developed — ^vix.,  the  peroxide  of  hydrogen ; 
and  its  composition  is  found  to  bo  one  part  by  weight  of  hydrogen  combined  with 
nzteen  parts  by  weight  of  oxygen.  Between  these  two  there  Ls  no  intermediate 
oonposition. 

y  The  study  of  the  ratios  in  which  oxygen  and  hydrogen  combine,  furnishes  an  instance 
of  definite  proportionality,  in  which  respect  the  attraction  of  affinity  is  seen  to  differ 
firaoDL  that  of  gravitation,  and  of  cohesion.  Definite  proportionality  may  be  said  to  be  the 
great  oharacteristic  of  chemical  combinations.  Seeming  exceptions  to  this  generali- 
sation will  be  presently  cited;  but  they  arc  probably  not  real  exceptions.  An  extremely 
probable  hypothesis,  if  accepted,  will  refer  them  at  once  to  the  category  of  definite  pro- 
portioaial  compounds ;  and  if  the  hypothesis  be  not  received,  still  the  anomalous  cases 
will  be  fiofond  to  correspond  with  the  least  energetic  operation  of  chemical  affinity,  those 
10  ill  oharaeteriaed  that  they  probably  should  be  referred  to  the  operation  of  another 
oanse.  Of  this  khKd  are  the  mixtures,  or  combinations,  of  water  with  oil  of  vitriol— of 
aleohol  with  water — of  ether  with  alcohol — of  various  oils  with  each  other,  &c.  In  all 
these  cases  the  bodies  seem  to  unite  in  all  proportions ;  and  therefore  to  constitute 
an  exceptifiB  to  the  definite  proportionaHsm  already  treated  of.  However,  it  is  easy  to 
conceive  these  seemingly  exceptional  eases  of  apparent  combination  in  all  proportions 
to  resnlt  from  the  intimate  mechanical  mixture  of  a  limited  number  of  chemical  com- 
pounds. This  hypothesis  is  well  illustrated  by  a  consideration  of  four  remarkable  com- 
pounds of  solphnrio  aoid  and  water.  The  ordinary  oil  of  vitriol,  of  English  commerce, 
is  a  duftnitft  oompoand  of  forty  parts  by  weight  of  real  or  dry  sulphuric  acid,  and  nine 
parts  by  weight  of  water ;  and  so  well  combined  are  the  two,  so  stable  is  the  compound, 
dia^  if  sufficient  heat  be  applied,  the  whole  evaporates,  and  may  be  condensed  xm- 
changed  as  eH  of  vitriol  or  common  sulphuric  acid.  There  exist,  however,  three  other 
definite  oompoimds  of  water  and  sulphuric  acid,'  the  most  remarkable  of  which  has 
the  xatio  of  aii^i^  parts  by  weight  of  acid  to  nine  of  water,  and  exists  in  the  Oerman  or 
NordhMiMn.  rmHaty  of  snlphmrio  acid.  If  this  variety  bo  gradually  heated,  pure  dry 
sulphuric  acid  is  evolved,  and  common  oU  of  vitriol  remains  behind. 
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These  yarioiu  combinationfl  of  tulplmric  acid  with  water  have  been  studied  by 

Mr.  Graham,  who  arranges  them  as  follows : — 

Parts  by  -weight. 
Water.  Acid. 

Hydrate  existing  in  the  German  or  Nordhansen  acid      .1  +  2 

on  of  vitriol '       ....        1  +  1 

Acidofsp.gr.  1-780 2  +  1 

Acid  of  ep.  gr.  1632 3  -|-  1 

It  is  evident,  from  this  consideration,  that  the  hydrates  of  sulphuric  acid  furnish 
well-marked  instances  of  definite  proportionality.  It  is  not  difficult  to  conceive  that 
these  various  hydrates,  by  mingling  indefinitely  with  each  other  and  with  water,  may 
furnish  an  apparently  indefinite  aqueous  combination.  A  similar  explanation  may  be 
applied  to  the  various  possible  compounds  or  mixtures  of  alcohol  and  water,  and  all 
other  combinations  of  the  same  nature ;  such  as  that  of  acids  with  water,  acids  with 
each  other,  &c.  In  a  practical  sense,  these  compounds  are  of  great  utility,  although 
theoretically  considered,  they  do  not  present  much  interest. 

The  next  form  of  apparent  combination  to  be  discussed  is  that  in  which  bodies 
unite  in  all  proportions  up  to  a  certain  point.  Thus  a  hundred  parts  of  water  are 
capable  of  dissolving  any  quantity  of  common  salt  not  exceeding  forty  parts.  At  this 
point  the  capacity  for  solution  terminates,  apparently  because  the  cohesive  force  of  the 
salt  crystals  now  balances  the  dissolving  force  of  tlie  fluid.  Were  the  cohesive  force 
not  in  operation,  it  is  probable  that  solution  would  go  on  in  all  proportions ;  under 
which  circumstances  examples  of  this  kind  would  be  referred  to  the  former  category. 
I  In  all  cases,  involving  the  apparently  indefinite  imion  of  bodies  with  each  other, 
the  circumstance  will  be  remarked,  that  the  resulting  compound  will  be  a  substance 
possessing  qualities  in  which  the  original  qualities  of  the  bodies  entering  into  com- 
bination may  be  traced,  and  fh)m  which  the  components  may  be  separated  unchanged. 
Thus  a  mixture  of  alcohol  and  water  possesses  just  those  properties  which  are  a  mean 
between  the  evident  properties  of  alcohol  and  of  water.  By  one  of  several  processes, 
the  two  may  be  demonstrated  to  exist  in  union ;  may  be  separated  each  unchanged, 
each  in  its  original  proportion.  The  same  remark  applies  to  the  indefinite,  or  seemingly 
indefinite,  compounds  of  alcohol  with  others  of  salt  and  water  within  the  limits  pre- 
scribed, and  generally  to  all  parallel  cases.  When  definite  proportionaUsm  comes  into 
operation,  a  marked  concomitant  is  observable.  The  compoimds  then  resulting  are 
oharactcrixed  by  acquiring  properties  different  from  either  of  their  constituents. 

For  examples  of  this  first,  we  might  turn  at  random  to  any  part  of  chemistry,  so 
fertile  is  it  in  phenomena  of  this  kind.  The  position  may,  however,  be  conveniently 
illustrated  by  the  following  cases : — The  orystaUized  salt,  sulphate  of  magnesia  (Epsom 
salt),  is  a  compound  of  sulphuric  acid,  water,  and  magnesia ;  yet  the  original  properties 
of  aU  these  substances  are  so  veiled  as  to  be  unrecognizable  in  the  compound. 
Gypsum,  or  sulphate  of  lime,  is  a  compoimd  of  lime,  sulphuric  acid,  and  water.  It  is 
a  substance  in  whieh  neither  the  properties  of  Hme  nor  sulphuric  acid,  though  both 
are  well  marked,  nor  of  water,  thou^  also  well  individualized,  can  be  distingmshed. 
Whenever  definite  proportionalism  cornea  into  operation,  these  metamorphoses  of 
original  qualities  are  effected;  without  it,  never.  Henee  such  combinatiGDs  must  he 
considered  as  markiog  the  exercise  of  powezfol  chemical  affinity,  and  determining  its 
relations  to  the  other  forces. 
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From  the  observmtions  whioh  precede,  it  will  appear  that  the  operations  of  chemieal 
affinity  may  be  classified  into  the  fbllowing  categories : — 

1.  Bodies  which  unite,  or  appear  to  unite,  in  all  proportions. 

2.  Bodies  which  unite,  or  appear  to  unite,  in  all  proportions  within  certain  inva- 
riable limits. 

3.  Bodies  which  unite  in  definite  proportions  only. 

Although  it  be  impossible  to  ofier  a  precise  definition,  which  shall  be  competent  to 
point  out  the  exact  line  of  demarcation  between  mechanical  admixture  and  chemical 
combination,  yet  probably  it  might  be  justifiable  to  limit  the  terms  ehemiedl  eomfnnatuin 
and  the  operation  of  ehtmieal  attraction,  to  those  cases  in  which  the  product  of  com- 
bination is  not  a  mere  result  out  of  the  qualities  possessed  by  each  component,  but 
where  the  original  qualities  haye  entirely  merged. 

ITnderstanding  the  definition  in  this  sense,  then,  without  any  reseryation  it  might 
be  asserted  that  bodies  unite  chemically,  in  proportions  fixed  and  inyariable ;  that  the 
progression  of  the  series  being  studied,  a  regular  order  of  numerical  progression  is 
manifiested,  in  which  the  highest  numeral  term  bears  some  simple  relation  to  the 
lowest. 

9mBaHm  Vfopostionality. — ^Under  all  circumstances,  whether  the  definition  of 
a/ki&lr'be  restricted  as  above  suggested,  or  extended  in  such  a  manner  as  to  compro- 
hnd  the  various  seemingly  indefinite  combinations,  definite  proportionality  is  a  con- 
comitant of  every  well-marked  case  of  the  exercise  of  affinity ;  of  the  operation  of 
which  foftce  it  is  to  be  regarded  as  the  strongest  indication,  of  its  character  the  most 
prominent  type.  It  is  to  a  consideration  of  these  definite  comiK>unds  of  substances 
alone  that  the  remaining  portions  of  this  section  will  be  devoted. 

For  the  purpose  of  deriving  some  knowledge  of  the  ratios  in  which  simple 
bodies  unite,  we  may  with  convenience  regard  the  proportional  elements  of  water  as 
the  basis  of  fotme  remark  and  comparison.  Water,  as  has  been  shown,  consists  of 
one  Tolmne  of  hydrogen  and  half  a  volume  of  oxygen,  united  together  and  con- 
densed ;  by  weight,  eight  parts  of  oxygen  combined  with  one  part  of  hydrogen.  By 
substituting  chlorine,  iodine,  and  bromine  for  the  oxygen,  we  get  the  following 
series: — 

Parts  by  Parts  by]  q       „  Weight  of 

weight.  measure.  ^H__— S—       compoimd. 

Water Og -f  H,        0,-t-H,    or    '"HlJ    =    9. 

g    H  ' 
Hydrochloric  acid     .      CIm  +  H,       Cla-^Hj    or    I  85  1    i   I    =    36. 

""  I      H 

Hydriodic  acid     .    .       1,25  +  Hj         I2  +  Hj    or    I  iSfij  i    I    =  126. 

Br      H 
Hydrobromic  acid    .      Brgo  +  Hj      Br^-f  H,    or    j  so  I   1  1     =:    81.» 

From  ^e  inspection  of  this  table  it  will  'appear,  that  the  ponderable  quantity  of 
chlorine  necessary  to  take  the  place  of  one  part  by  weight  of  hydrogen  is  equid  to 

*  In  this  and  sncoeeding  diagrams  fhictional  nombers  will,  for  the  sake  of  simplicity,  be 
tToided  in  the  numbers  indicative  of  eqtdTalent  or  atomic  weights ;  the  nearest  whole  number  to 
the  accepted  atomic  weight  being  chosen. 
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35  i  of  bromine,  80  ;  and  of  iodine,  125,  Hence  the  propiiety  of  the  terms  equivalent, 
and  equivalent  number ;  for  if  j8  parta  by  weight  of  oxygen  can  take  the  place  of  35 
parts  of  chlorine,  80  parts  of  bromine,  and  125  parts  of  iodine,  then  with  greai;  |^ro- 
priety  may  it  be  said  that  eight  is  the  equivalent  number  for  oxygen,  or  the  number 
of  its  combining  proportion.  The  same  number  is  also  said  to  be  the  atomie  number 
for  oxygen,  36  the  atomic  number  for  chlorine,  &c,  for  reasons  which  will  presently  be 
made  apparent. 

•  The  numeral  proportionality  which  has  been  seen  to  hold  good  for  the  binary 
combinations  of  hydrogen  with  oxygen,  chlorine,  iodine,  and  bromine,  are  found  to  hold 
good  for  all  other  elements  *,  and  inasmuch  as  compounds  are  the  sum  of  their  com- 
bined elements,  so  the  equivalent  number  of  a  compound  is  the  sum  of  the  equivalent 
numbers  of  the  elements  entering  into  it  Thus  we  have  seen  the  equivalent  weight 
of  hydrogen  to  be  represented  by  1,  of  oxygen  by  8 ;  therefore  the  equivalent  weight 
of  water  must  be  equal  to  8  -^li  or  9.  Hence  the  equivalent  number  of  simple  bodies 
being  remembered,  and  their  proportions  entering  into  any  particular  compound,  it  is 
easy  to  ascertain,  by  a  simple  operation  of  addition,  what  is  the  equivalent  number 
belonging  to  the  compound. 

Ziaw  of  Definite  C:oxiibi]iatioxLi—> It  is  impossible  to  overrate  the  importance  of 
this  law  of  deiinite  combination.  To  the  theoretical  chemist  it  affords  an  insight  into 
the  probable  atomic  constitution  of  matter,  enabling  him  to  advance  on  groimdfi  of 
probability  and  rational  arguments,  in  a  matter  concerning  which  philosophers  of 
antecedent  ages  have  been  guided  by  metaphysical  speculations  on  the  one  side,  and 
strained  mathematical  analogies  on  the  other.  To  the  practical  chemist  it  a£Ebrds 
a  means,  no  less  easy  in  application  than  unerring  in  its  results,  of  learning  the  neces- 
sary quantities  of  substances  to  bo,  used  in  his  processes,  and  anticipating  the  quality 
and  the  quantity  of  his  results. 

As  an  example  of  the  advantages  conferred  by  an  acquaintance  with  the  laws  of 
definite  chemical  proportionalism,  I  will  cito  one  simple  case,  although  in  conducting 
the  description  it  will  be  necessary  to  assume  the  knowledge  of  certain  facts  not 
yet- treated  o^  concerning  which  the  reader  may  probably  bo  unacquainted. 

It  is  a  quality  of  sulphuric  acid,  in  whatever  soluble  form  existing,  whether  simple 
or  in  combination,  to  combine  with,  the  earth  baryta,  and  to  be  precipitated  in  the  form 
of  jsulphate  of  baryta — a  most  insoluble  compound. 

First,  let  the  simple  case  be  assumed  that  a  certain  liquid— perhaps  water— contains 
a  certain  but  small  amount  of  sulphuric  acid,  which  amount  it  is  desired,  by  way  of 
analysis,  to  separate.  To  evaporate  away  the  water  and  leave  the  sulphuric  acid,  in 
the  condition  of  one  part  acid  to  one  of  water  (oil  of  vitriol  of  commerce),  if  possible 
at  all,  would  at  any  rate  be  exceedingly  difficult,  and  would  involve  the  necessity  of  an 
amount  of  delicacy  in  manipulation  far  too  great  for  ordinary  practice.  Having  con- 
fidence, however,  in  the  law  of  chemical  proportionality,  arid  being  aware  that  the 
combination  of  sulphuric  acid  with  baryta  is  an  insoluble  body,  the  operator  would 
1  proceed  to  throw  in  some,  of  a  solution  containing  baryta — nitrate  of  baryta  for 
example— and  he  would  continue  the  operation  so  long  as  any  precipitate  made  its 
Jippearance ;  ho  would  then  dry  his  precipitate,  weigh  it,  and  referring  to  some  list  of 
ohemical  equivalents,  for  the  purpose  of  ascertaining  the  proportional  combination  of 
siilphuric  acid  with  baryta,  would  find  that  every  116  parts  of  sulphate  of  baryta 
Qontained  forty  parts  of  sulphuric  acid.  On  this  principle  of  indirect  demonstration  are 
by  far  the  greater  number  of  analjrtical  points  determined. 
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Kiteadhig  the  sphere  of  our  obeerrttion,  let  it  be  Msumed  that  a  manufiustiiTer, 
hmiiff  a  gnren  ireight  of  mtrate  of  baryta  in  solution,  desires  to  form  nitrate  of  potash 
and  sulphate  of  baryta,  by  the  addition  of  sulphate  of  potash,  a  dec(»nposition  which 
may  be  Uras  represented  by  means  of  a  diagram. 


Sulphate  of 
potash 

Nitrate  of 
'f2  baryta 


IVtask 

Sulphuric 
acid 

Kitric 
acid 


'Nitrate  of  potash. 


Sulphate  of  baiyta  v- 


•  In  this  diagnm  the  quolitatrre  decomposition  is  rcprcsentetl,  no  cognizanoe  bein^ 
tskm  of  qoantitiee.  The  diagram  is  so  arranged  that  the  nitrate  of  potash,  remaining 
in  flolution,  appears  in  the  upper  part,  whilst  sulphate  of  baryta,  being  insoluble,  prc- 
cajitabeSy  as  very  conTeniently  indicated  by  a  triangle,  with  its  apex  downwards. 

The  measure  of  information  given  by  this  diagram  is  extremely  slight,  compared 
witk  what  it  would  haye  been  had  the  proportional  quantities  of  substances  cntcrinpi: 
iatD  decompoaitian  been  indicated.  The  diagram  shall,  therefore,  be  reconstructed,  ?'• 
as  t»  embody  tiie  fi)Ilowing  facts : — 

The  equivalent  or  combining  number  of  sulphuric  aci:l  i:^  .        .40 
fj               „               „          of  baryta  .77 
„                „                „          of  nitric  acid   .  .64 
„                „                „          of  potash         .  -48. 
Sulphate  of  baryta  is  composed  of  1  equivalent  baryta  -)- 1  equi- 
valent of  sulphuric  acid ;  its  equivalent  number  is,  there- 
fore         .      .      .  i:r 

Nitrate  of  potash  is  composed  of  1  equivalent  of  nitric  acid  .  » t 
+  1  equivalent  of  potash ;  therefore  its  equivalent  num- 
ber is         102 


Ecducing  this  fact  to  a  diagrammatic  form,  wo  havc- 


1    Sulphate  of 
pota8h  =  88 


1  Nitrate  of 
iwryta  =  131 


•  1    Potash 

=  48 
1  Sulphuric, 
'  acid  =  40 
1  Nitric  acid''^ 

=  54 

1   Baryta 
=i:77 


1  Nitrate  of 
potash  =  102 


1  Sulphate  of 
barj-ta  v  =  117 


Thus  it  would  appear  that,  supposing  131  parts  of  nitrate  of  baryta  to  be  in 
solution,  eSghty-eight  parts  of  sulphate  of  potash  would  be  required  for  its  complete 
decomposition.  The  result  would  be  117  parts  of  sulphate  of  baryta,  and  102  parts 
of  nitrate  of  potash.      It  need  ■  scarcely  be  indicated  that  the  ratio  of  combination 
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being  once  known,  the  quantity  of  nitrate  of  potash  and  sulphate  of  baryta  for  any 
possible  quantities  of  sulphate  of  potash  and  nitrate  of  baryta  may  be  ascertained  by 
a  simple  rule  of  proportion. 

An  examination  of  the  preceding  diagram  will  afford  a  ready  explanation  to  a 
circumstance  first  noticed  by  the  Saxon  chemist,  Wenzel — ^that  when  two  neutral  salts 
decompose  each  other,  the  results  are  also  neutral,  because  if  bodies  combine  in  the 
ratio  of  their  equivalents,  it  is  evident  that  the  mutually  exchanging  bodies,  being 
mutual  equivalents,  possess  a  mutual  satisfying  power.  This  expression  of  an  isolated 
fact  would,  if  extended  to  other  facts  of  parallel  character,  and  reasoned  upon,  have 
led  to  a  knowledge  of  the  universality  of  definite  proportionalism. 

There  are  many  examples  in  which  bodies  unite  in  one  proportion  only ;  and  in  all 
such  cases  the  proportion  of  the  elements  of  a  compound  must  be  uniform  for  the 
species.  Thus,  hydrogen  and  chlorine  unite  in  no  other  proportions  than  those  con- 
stituting hydrochloric  acid,  which,  by  weight,  are  one  of  the  former  to  thirty-five 
of  the  latter.  Whatever  of  either  ingredient  is  in  excess  remains  uncombined 
after  the  experiment.  In  cases  of  this  sort,  combination  is  generally  energetic, 
and  the  characteristic  qualities  of  the  components  are  no  longer  observable  in  the 
compound. 

Other  bodies  unite  in  several  proportions ;  but  these  proportions  are  definite,  and, 
in  the  intermediate  ones,  no  combination  ensues.  Thus  six  parts  by  weight  of  carbon 
combine  with  eight  of  oxygen,  or  with  sixteen,  but  with  no  intermediate  quantity ; 
sixty-four  parts  of  copper  combine  with  eight  of  oxygen,  or  with  sixteen,  and  with 
those  proportions  only.  This  law  of  combination  in  definite  proportioned  though  deducible 
from  the  previous  experiments  of  "Wenzel,  seems  to  have  been  first  discovered  and 
established  by  a  series  of  researches  undertaken  with  that  view  by  Richter  of  Berlin, 
and  published  between  the  years  1796  and  1798.  The  great  object  of  that  chemist  was 
to  determine  the  relative  capacity  of  saturation  of  the  acids  and  bases,  and  to  represent 
them  by  a  series  of  numbers,  serving  the  same  purpose  as  the  Tables  of  Chemical 
Equivalents  now  constructed.  It  is  imnecessary  to  copy  the  Table  of  Richter,  because 
the  results  are,  for  the  most  part,  inaccurate ;  but,  notwithstanding  this,  the  merit  of 
the  first  conception  of  such  a  table  imquestionably  belongs  to  him.  Prout  afterwards 
contributed  to  establish  the  law,  by  showing  that  iron  and  antimony  do  not  unite  with 
oxygen  in  all  proportions,  but  only  in  very  few  determinate  ones ;  and,  in  a  contro- 
versy with  Berthollet,  which  was  most  ably  and  temperately  conducted  on  both  sides, 
he  urged  convincing  arguments  in  favour  of  limited  combinations. 

It  now  remains  to  investigate  the  ratios  which  subsist  in  series  of  combinations. 
These  ratios  are  exceedingly  simple,  being  one  of  the  following  series.    Either 

A  unites  with  1,  2,  3,  4,  5,  &c.,  of  B;  or, 
A  unites  with  1,  IJ,  2,  2},  3,  3J,  &c.,  of  P. 

The  first  series  comprehends  by  far  the  larger  number  of  chemical  combinations. 
One  example  has  already  been  furnished  by  the  series  of  water  and  peroxide  of 

hydrogen.    Thus 

Parts  by  weight. 
Hydrogen.     Oxygen.     Httio. 

Water 14-8  1 

Peroxide  of  hydrogen .  .  .    1      -^      16  2 
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Tlie  two  oxygen  compounds  of  carbon  also  afford  an  ezamplification. 


Carbonic  oxide 
Carbonic  acid 


Parts  by  weight. 
Carbon.       Oxygen. 

.     6      -f         8 
.6       +       16 


Ratio. 

1 
2 


A  more  extended  series  is  furnished  by  the  nitrogen  compounds  with  oxygon,  which 
interesting  for  the  further  reason  that  this  series  was  the  one  first  cited  by  the  iUus- 
>U8  Dalton,  as  exemplifying  his  theory  of  atoms,  soon  to  be  discussed. 


Partt  by  weight. 

Nitrogen.       Oxygen. 

Batio. 

Protoxide  of  Nitrogen 

.14+8 

1 

Binoxide  of  Nitrogen 

.14       +      16 

2 

Hyponitrous  acid 

.14       +       24 

3 

Nitrous  acid 

.14       +      32 

4 

Nitric  acid    . 

.14       +       40 

6 

Conq>ounds  belonging  to  the  second 

series  ore  more  rare.     The 

followii 

unples :  — 

Farts  by  weight. 

Iron.           Oxygen* 

Ratio. 

Protoxide  of  iron  . 

.     28                  81^ 
.     28                12 

1 

Scsquioxide 

H 

Protoxide  of  lead  . 

.  104                  8  1 

1 

Sesquioxide 

.  104                12  - 

n 

Binoxide 

.  104                16.' 

2 

Arsenious  acid     . 

.38                12) 
.     38                20) 

H 

Arsenic  acid 

H 

Hypophosphorus  acid 

.     16                  4) 

i 

Phosphorus  acid  . 

.16                12  V 

H 

Phosphoric  acid    . 

.16                20 ) 

2^ 

It  will  be  seen,  therefore,  that  not  only  in  all  marked  cases  of  chemical  combinatums 
substances  unite  in  ycry  simple  ratios,  but  that  these  ratios  of  combination  for  the 
le  bodies  are  inyariable,  and  that  their  numeral  exponents  are  mutually  proper- 
laL  An  example  has  been  cited  of  the  utility  deriyable,  both  to  theoretical  and  to 
ctical  chemistry,  from  on  application  of  this  knowledge,  which  m«y  be  rendered 
I  more  readily  ayailable  by  means  of  the  sliding  scale  of  the  late  Dr.  Wollaston. 
liling  himself  of  the  well-known  properties  of  a  logarithmic  scale  of  numbers,  this 
losopher  subjected  the  numbers  of  chemical  equiyalents  to  this  arrangement,  by 
ich  the  resulting  proportions  of  any  elements,  as  also  the  proportions  of  new  sub- 
aces  generated  from  their  action,  can  be  read  off  by  simple  inspection. 
Asa  slight  inspection  of  this  instrument  renders  eyident  its  principles  and  its  appli- 
ion,  further  description  is  unnecessary.  Its  employment,  howeyer,  cannot  be  too 
mgly  recommended  to  all  who  haye  much  occasion  for  calculating  the  amounts  of 
cting  substances,  and  the  products  generated. 

It  is  to  Dr.  Dalton  that  we  are  indebted  for  the  first  correct  instance  of  such  a 
pie  multiple  in  the  union  of  nitrous  gas  with  oxygen,  and  for  the  first  distinct 
ieipation,  founded  on  well-ascertained  facts,  of  the  general  law  of  multiple  com- 
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Iiinntinii.  For,  Uurufch  it  ii  due  to  tho  lato  Mr.  Higgixu,  of  Dublin,  to  state  that,  in 
im  iitp;pniMUrt  work,  publishtHl  in  1789,  entitled,  "A  Comparative  View  of  the  Phlogistic 
ntnl  AutiphlogiBtio  Thoorlos,"  Jio  liad  represented  the  combinations  of  azote  with 
onyirrtt.  nnd  (Ihibo  of  sulphur  with  oxygen,  to  form  such  a  series  that  the  successive 
ilimo^  of  ow^pn  nm  nil  rqtinl  multiples  of  tho  first;  yet,  as  Dr.  WoUaston  has 
t^MnnvkiHl,  "  (lu'PO  ]in»portii>ni*  wore  concoivcd,  rather  than  observed,  to  occur."  Little 
itH>i!»hthm  (irpni*i4  {tid(*c><i»  t>o  hnvo  boon  given  to  the  subject  until  the  year  1808,  when 

'    (kvH  of  0  Riniilar  kind,  but  under  a  more  tangible  form,  were  published  by  Dr. 

«  rbom<)oti  nod  l>r,  W(4Uf<ton,  with  iTigard  to  neutral  and  superacid,  or  subacid,  salts. 
Thooo  fnoto  nil  (rndo«l  io  nhow  that  tho  (lunutity  of  acid,  combined  with  bases  in  certain 
«*\HMM*-«nltiH  <"«  j\rroiwly  do\iUle ;  and  in  certain  sub-salts,  precisely  half,  of  that  which 
i^  Prt(\tvrtted  by  the  unmo  ti\mutity  of  base  in  thoir  neutral  compounds. 

XiAW  of  ▼tE4um«i!i%-    .Vn  extension  of  the  law  of  definite  proxxurtions,'  so  far  as 

s  \^!»pee(v»  rti^rifvMiu  IhhUos,  has*  Wcw  pix^p^viod  by  Itay  I.ussao,  namely,  that  they  combine 
}\\  ^M>^r'^Hi'^n«»  dotT?wi\intMe  by  iv/wm^  the  ratii^  Iving  1  {Y>/triM«of  A  to  1  of  B,  or  1 

i    u\  ^L  <M  \  t.^  i^.  vVe^     Water*  for  exAmpU\  n^s\ilt*  fn^m  the  union  of  two  volumes  of 

!K\">l\>^p(^n  jsras  \x  ilh  one  vx^utue  of  oxygx^n  gju* ;  hydnvhU^rate  of  ammonia  from  one 
\>\\y!We  of  wun«t»o  rtoid  g«»  4*  ^  ef  ammonia  ;  nitrous  pis  from  one  measure  of  oxygen 
J    -|-  <  of  nitn^^n ;  niU\)U»  oxide  (Kxm  I  oxygen  +  -  n::rv>pL^n ;  nitrous  acid  frwn  2 

N\  )\e;\  ibe  ^m\^4w^  reni«;ns  g«sK\v,i$^  therx^  is  either  no  eond^asatioQ  of  eiements,  or, 
.    if  th, -.N^  br  s  e»^n^lt^M1ion»  it  be*!^  ?J^^m^^  sxr.iple  ar.i*  unifonn  rclatiott  to  the  ipdmnes  of 

I    the  MS«!<^- Mbieh  b^xv  «vmbino«i;  Tlui^ 


1  «^f  ^^^.^^r;r5e  -^*  *  >yar,\t.  ~  i  bydrvvhloric  acid  gas. 

'^  i-tf  hytivou-  -^  1  '"^v^N-      '-^^  '^  «qtte.>us  T«poi:r. 

".  <-»i'  ni;rv>j..  -^  \  *'^v»-      ^^  ^  r,itToiJ«  oxide 

1  «i!!  wtT'op.  -**  1  oxvf.     =  i!  Tftit^vv^s  cJ». 

"l^avin^  ov:fiMi>:'b«v;  iW-  )i\s\  (\(  <lefir,;tf  sn*^  T)-:v.1j"pk  v.xutjioj^  ;ii  a  Tiaioty  cd  cases 
a^  it  liny  M  tV'  aotifs)  moA^¥mrvK>«4  M  ibe  vo^iumos  botow  mcl  after  <imribii«ftan, 
<^  )  ;ii«i«ij*o  ^vf-^mWi  *<  ^0  othw  <w*w«P  of  o>M«mi<vil  nnion^  m-hivrc  «»  cf  liit  badias  m 
W^.  ^me-wft  to  w!6  »«  n  ^rn*  in  4t*  ^o^ra^p  ^rm.  Ffir  ndonp^A.  vt*  Jiwe  »cver  ;»&;«■■ 
p^^^Nmt  .cfirKm  ;  bm  ife  oon<4<«le  froir.  rttiab-Mcry  tbak  nft  a  tqiftawBthrlt^  temg^cxman, 
ft  ^vvnilo  bo  ea^^V  oif  beivi^  vt4a<^>i9>o4.  V>  )mow.  al^o.  that  by  xwndHnaxiflm  ^Badi 
oXvpr*T\  nT»fl  >-itb  hy<^WK:<*n.  <^arK^n  f»*r«??5>*o^  c«r»«>ow  ooiniv«inMi&.  4aic  tiua;  m^y^mi  fBtm, 
Yfy  hnvyns  <»b<»'fv>o|il  bwrn<»^  Sn  i;^  bw^  ify  sf^vMlio  pravii^-  iTu«rsmi»pn  iram  ISLlll  Ifi 
1*^577.  >tfs  vo^wfno  tTTmiinin^  tb<*  witw*.  ^IV  di<^in*wor  botn^^n  ibMft  tWftamBifaHi 
i*!ll.  t>>oref<^tv\  fl<»ifH^  the  voijBlit  -of '<»iw^^*n  ^-bich  a  vsaihwnr  4«J'  oxynvi  bas  alBai^ieit«-> 

volume  of  tfw^rvm?!  ^^r^ym  nnif)^  with  <mt  v^iwr  <«t -rtfvywn  -ens  *o  forwi 

aiW;  tbnt  OwtH5(^  -pji^^yi^^j^^it^  tihr  wipipbt  «ol  the  inrmw.     B»ii  if  ift -cviddur  thtt  &e 

a^n  Apwalb  TvVi  <«tT^<iv»<i.  if  w^  winrvso  b  ^^To«tw  or  lrt*<^  vrnhriTir  of  |i 

V  '•"r   e^Mi^bm.-^tl.  ■jN*>>vi«i <-»«';  iN  wi»jh;  be  firoTViTtioinal ;  ftkv  r 'tmnpie.  tmti  '^mlmuim  ^tf 

«itK^  ^«^iffbin^  b^lf  l^r  ^bm^^  m»i«bw,  ^  O'tN^'^  V  *2.  w>ay  ^mitr'^ith  «be  ^iHumi  of 

^•r«?«*.  te  fbrw  e^rK^flir  «<Wd.    ^r.  mW  imi^b  <w«f«piw(y»s.  tb^i^i.  ii  w  Trntftrn  nflhwnji  Itrt 

boAM»s.  T»ot  Vne^^  1y*  >wi  *n  ipi«^  -iit^itr  t«i  v^Mwwm  ^irt»v)h  air  <ynMl,  m 
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enb-muhiples,  of  thoee  of  knmra  gasot ;  nor  con  we  l>e  certain^  admitting  iho  probn* 
bility  of  radi  eomhinationa,  that  the  vdUisiM  aaaignod  aze  aotoally  tlio  trao  obm. 

0£  tlie  ItMnlc  TkM«y.^T]io  xemaikabla  proportioiiml  felatioii  cziating  betw6eft 
snbitaocei  entering  into  chemteaJ  eombinatioii,  wnnifeating  itaelf  not  only  in  wdgbt 
but  in  yolame  also,  fo  £ur  as  our  cognizance  of  Tolxune  can  penebwto,  oan  soaiealy  ht 
obserred  without  aroiuing  spocnlatioos  as  to  the  cause  of  sndi  proportionality.  l?o  d 
priori  reason  oould  have  heen  ofllnrGd  why  eight  and  sixteen  parts,  by  wei{^  of 
axygen  respectlTsly,  should  oombino  with  one  part  by  weight  of  hydrogen ;  but  in  no 
intennediate  prc^xartions.  Neither  oould  any  d  priori  reasoning  be  adduced  to  ex^ain  why 
the  eight  parts  -by  wei^t  of  oxygen  gas  should  occupy  exactly  twice  the  space  of  onip 
part  by  weight  of  hydrogen.  But  such  being  the  laws  of  their  oombinationy  the  lanr 
of  proportional  Tolumes  extending  to  all  substances  which  haye  hitherto  been 
examined  in  the  state  of  gas  or  vapour,  and  the  law  of  proportional  weights  bewg 
onivenal  for  aU  daeses  of  bodies,— whether  soUds,  liquids,  or  gases,— *iact3  so  ouzious 
in  themselTOs,  eo  important  in  their  applications,-  might  naturally  create  a  desire  ti9 
oonprehend  their  rationale. 

Taming  his  mind  in  the  channel  of  these  speculations,  it  ooeurred  to  the  sagacity 
of  tiie  illustrious  Dalton,  that  the  definite  proportionality  of  chemical  oombinaticai 
could  most  natundly  be  accounted  for  on  the  assumption  of  the  atomic  constitutlQa  of 
matter.  Thus  originated  the  modem  atomic  theory,  which,  fbr  beauty  and  comprebofrT 
uyeness,  is  probably  not  exoelled  by  any  other  speculation ;  whether  in  chemistry  or 
in  any  other  science. 

Befbro  offering  any  remsriu  on  the  bearing  which  definite  proportionality  has  on 
the  theory  of  akome,  it  may  be  desamble  to  present  a  sketch  of  the  progress  of  thiii 
theory,  from,  aneient  times  to  the  present  First,  then,  what  are  we  to  undecsteadlby 
the  tenn,  atom  ?  Popular  eppreciatioii  associates  the  word  atom  with  an  idea  of 
some  exceedingly  small  particle,  an  idea  which  is  practically  correct  This  id«i^ 
howerer,  £uls  to  eonyey  the  Buxrt  characteristio  quality  of  an  atom,  a  term  immed^ 
stely  derivable  from  the  Grsck  words  a  T4tunuf*^,  e.,  xncapahlo  of  being  cut,  oar 
in^TisiUe.  .  :> 

In  ovder  to  have  a  correct  appreciation  of  atome,  it  does  not  suffice  to  regard  them 
as  very  small  particles  of  matter.  This  is  an  idea  secondary  in  its  nature,  ooUiU;eEil  t9 
Uie  cdbject,-— iKxt  bearing  directly  upon  its  chemical  character.  The  direct  idea  is  that  of 
intirimbility.  Any  portion  of  matt^  which  cannot  be  further  divided  is,  according  to 
the  deftniticfn,  en  atom,  irrespective  of  the  area  in  space  which  it  may  fill.  InasmuAh^ 
howwwer,  as  Hie  most  ordinarily  oeouzring  phenomena  show  that  matter  of  whatevfjpf 
tind  ean  be  divided  indefinitely,  within  any  limits  of  which  our  senses  can  te)(£i 
cognixBuce— thereibre,  sui^osing  matter  to  be  atomic,  it  follows  that  such  atoms  mmt 
be  exoeedingly  emalL  '  Hence  the  ihdirect  or  oblique  idea  of  smallneas  which  has  oop^ 
to  attswh  to  the  expression,  atom.  A  keen  controversy  was  earned  on  amoocfst  Hm 
aneient  Oreeks  as  to  atomic  or  non-atomic  division  of  matter.  According  to  ono  sid^ 
it  w«a  assomed  that  matter  oould  be  divided  indefinitely ;  according  to  the  cthOTt  i^ 
was  assnaed  that,  on  earrying  subdivision  to  a  certain  extent,  a  liaut  wouldj  at  togA 
he  enived  at,  bey«md  which  matter  was  no  longer  divisible.  This  alignment  ww^, 
canM  on  with  great  pertinaoity,  and  supperted  with  plauaiUe  evidcnee^oa  eithw 
ade ;  but  fioUowed  by  no  practical  residt 

In  qppoeitian  to.ttu)  existence  ef  atom%  it  was  ai^guedtobe  irrational  t»  ^^I^^^ 
that  any  particle  of  matter,  howensr  anall,  migjit  not  be  tother  i^idwL.   InJavoiy 
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of  their  existence,  the  counter-argument  was  advanced,  that  the  non-atomists  had 
introduced  into  their  reasonings  the  faUacj  of  confounding  matter  with  the  space  it 
occupies ;  that  although  space  may  be  conceiyed  to  be  infinitely  diyisible,  yet  matter 
filling  space  may,  nevertheless,  be  composed  of  particles  so  hard  that  no  existing  power 
can  sever  them, — ^which  postulate  granted,  matter  would  necessarily  be  atomic. 

Thus  the  question  rested  until  the  discovery  of  lenses  created  a  new  hope  that 
atoms,  if  they  really  existed,  might  be  seen ;  but  all  attempts  of  this  kind  having 
proved  fruitless,  the  dispute  was,  by  tacit  consent  of  philosophers,  allowed  to  rest,  as 
being  amongst  those  impenetrable  subjects  which,  admitting  of  no  proof,  only  furnish 
a  scope  for  the  exercise  of  sophistry,  and  the  wanderings  of  mysticism.  But  when  the 
law  of  dejimte  proportions  a.nd  ikai  of  multiple  proportiom  had  been  established  by  a 
sufficient  number  of  examples,  it  became  natural  to  inquire  what  is  the  reason  of  this 
uniformity,  and  what  is  the  cause  which  renders  combination  in  other  proportions 
impossible.  Mr.  Higgins,  taking  for  granted  the  correctness  of  the  instances  already 
quoted,  had  been  led  to  conceive  the  theory  of  combination  by  ultimate  particles,  and 
to  illustrate  it  by  a  series  of  diagrams,  so  constructed  as  to  explain  the  phenomena  of 
chemical  decomposition  by  a  comparison  of  the  attractive  forces  of  those  particles. 
But,  though  there  is  much  in  Mr.  Higgins's  views  that  entitles  him  to  the  praise  of 
g^eat  ingenuity,  yet  they  are,  in  several  respects,  erroneous,  and  are  at  best  to  be  con- 
sidered as  mere  hints,  which  were  not  subjected  by  their  author,  at  any  subsequent 
period,  to  a  more  copious  and  rigorous  induction,  nor  indeed  estimated  by  him,  at  the 
time,  as  of  the  importance  which  really  belonged  to  them. 

A  few  years  afterwards,  Dr.  Dalton,  without  the  slightest  knowledge  of  the'  pre- 
vious speculations  of  Mr.  Higgins,  formed  the  first  distinct  conception  of  that  happy 
generalization,  which  now  passes  under  the  name  of  the  Atomic  Theory  of  the  Chemical 
Qmititution  of  Bodies,  To  this  he  was  led  by  long  and  patient  reflection  on  the  then 
Moortained  phenomena  of  chemistry.  In  October,  1803,  he  communicated  to  the 
Manchester  Society  an  essay,  containing  the  first  general  outline  that  was  published  of 
his  speculations.*  This  was  followed,  in  1808,  by  a  fuller,  but  still  very  concise, 
development  of  his  views,  in  the  first  part  of  his  "  New  System  of  Chemical  Philo- 
sophy." Of  this  theory  such  illustrations  as  are  now  ofiered  will  render  it  intelligible 
to  the  reader. 

When  the  chemical  union  of  bodies  is  effected,  though  it  appears  to  operate  on  masses, 
yet  it  is  consistent  with  the  most  rational  view  of  the  constitution  of  bodies  to  believe 
that  it  is  only  between  their  ultimate  particles  that  combination  takes  place.  Of  such 
ultimate  particles  the  existence,  it  must  be  confessed,  cannot  be  demonstrated ;  nor  can 
anything  more  than  a  high  degree  of  probability  be  alleged  in  favour  of  their  existence ; 
this  degree  of  probability,  however,  much  outweighs  any  that  can  be  produced  in  proof 
of  the  infinite  divisibility  of  matter.  On  this  subject  the  immortal  Newton,  after  reflect- 
ing on  the  then  known  chemical  phenomena,  has  thus  expressed  himself  (in  the  thirty-first 
Query,  subjoined  to  his  Treatise  on  Optics,  fourth  edition,  p.  350) :— *^It  seems  to  me 
probable  that  God,  in  the  beginning,  formed  matter  in  solid,  massy,  hard,  impenetrable, 
Boveable  particles,  of  such  sixes  and  figures,  and  with  such  other  properties,  and  in 
woh  proportions  to  space,  as  most  conduced  to  the  end  for  which  he  formed  them ;  and 
iStaX  the  primitive  partides,  being  solids,  are  incomparably  harder  than  any  ]>orous 
bodies  compounded  of  them ;  even  so  very  hard,  as  never  to  wear  or  break  in  pieces, 

•  Man.  Hem.  Second  Series,  vol.  i.  286.    To  this  Essay  Dr.  Dalton  has  annexed  **  A  Table  of  the 
Relathre  Weights  of  the  Ultimate  Particles  of  Gaseous  and  other  Bodies." 
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no  ordinary  power  being  able  to  divide  what  God  himself  made  one  in  the  first  creation,"    j 
&c.    To  this  argamcnt,  drawn  from  general  physics,  others  of  a  similar  kind  have  been 
added  by  Leibnitz  and  Boscovich ;  and  conclusions,  of  the  same  tendency,  have,  in   j 
more  recent  times,  been  deduced  from  astronomical  observations.    In  an  essay  on  the    , 
Finite  Extent  of  the  Atmosphere,  published  in  the  Phil..Trans.  for  1822,  Dr.  Wol-    ■ 
laston  has    observed,  that    *Uinco   the  law  of  definite  proportions,  discovered  by 
chemists,  ia  the  same  for  all  kinds  of  matter,  whether  solid,  fiuid,  or  elastic,  if  it  can    . 
be  ascertained  that  any  one  kind  of  matter  consists  of  particles  no  longer  divisible,  wo 
can  then  scarcely  doubt  that  all  other  bodies  are  similarly  constituted ;  and  we  may 
without  hesitation  conclude  that  those  equivalent  quantities,  which  we  have  learned 
to  appreciate  by  proportionate  numbers,  do  really  express  the  relative  weights  of   ; 
dementary  atoms,  the  ultimate  objects  of  chemical  research."      From  a  scries  of   | 
observations  on  the  planet  Jupiter,  Dr.  Wollaston  was  led  to  conclude,  that  "  as  this    i 
planet  has  not  his  due  share  of  an  infinitely  divisible  atmosphere,  the  imiversal  pre-    i 
valence  of  such  a  medium  cannot  be  maintained ;  while,  on  the  contrary,  all  the    ! 
phenomena  entirely  accord  with  the  supposition  that  the  earth's  atmosphere  is  of  finite    . 
extent,  limited  by  the  weight  of  ultimate  atoms  of  definite  magnitude,  no  longer   i 
divisible  by  repulsion  of  their  parts." 

The  ultimate  particles,  then,  or  atoms,  of  all  bodies,  probably  consist  of  solid   j 
eorpuscles,  each  of  which  forms  a  nucleus,  surrounded  by  on  atmosphere  of  heat    ! 
Absolute  contact  is  not  supposed  ever  to  take  place  between  ^o  atoms  even  of  inelastic    j 
bodies,  since,  at  all  temperatures  to  which  we  have  access,  the  subtraction  of  heat  from    | 
a  body  is  followed,  except  when  the  body  changes,  or  is  about  to  change  its  state,  by  a 
contraction  of  volume.    Of  simple  atoms,  it  seems  most  probable  that  the  shape  or 
fyure  is  spherical.     But,  of  compound  atoms,  consisting  of  a  single  central  atom,  sur- 
rounded by  other  atoms  of  a  different  kind,  it  is  obvious  that  the  figures  (contemplating 
the  solid  corpuscles  only)  cannot  be  spherical ;  yet,  if  we  include  the  atmosphere  of  , 
heat,  the  figure  of  a  compound  atom  may  be  spherical,  or  some  shape  approaching  to   j 
a  sphere.  | 

Taking  for  granted  that  combination  takes  place  between  the  atoms  of  bodies  only,  | 
Dr.  Dalton  has  deduced,  from  the  relative  weights  in  which  bodies  unite,  the  relcUwe  ; 
weights  of  their  ultimate  particles,  or  atoms.  This  is  all  that  we  are  likely  to  deter-  i 
mine  respecting  them ;  for  it  is  not  probable  that  our  knowledge  will  ever  extend  i 
beyond  the  raiioe  of  these  weights.  When  only  one  combination  of  any  two  elemen-  ! 
tary  bodies  exists,  he  assumes,  imless  the  contrary  can  be  proved,  that  its  elements  are  I 
imited  atom  to  atom  singly.  Combinations  of  this  sort  he  calls  binary.  But,  if  several  | 
compouiids  can  be  obtained  from  the  same  elements,  they  combine,  he  supposes,  in 
proportions  expressed  by  some  simple  multiple  of  the  number  of  atoms.  The  following 
table  ezhibiti  a  view  of  some  of  these  combinations : — 

1  atom  of  A  4*  1  atom  of  B  =  1  atom  of  C,  binary. 

1  atom  of  A  Hr  2  atoms  of  B  =  1  atom  of  D,  ternary. 

2  atoms  of  A  -^  1  atom  of  B  =  1  atom  of  E,  ternary. 
1  atom  of  A  -f-  3  atoms  of  B  =  1  atom  of  F,  quaternary. 

3  atoms  of  A  +  ^  ^^^  of  B  =  1  atom  of  6,  quaternary. 

These  ooadbiiiatioiii  Dr.  Dalton  represented  by  characters,  of  which,  as  they  haf^ 
not  come  into  general  use,  I  shall  offer  only  a  few  examples.  From  their  figure,  they 
appear  to  me  better  adapted  than  symbols  of  any  other  shape,  to  aid  our  eonceptioni  of 
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the  maimer  in  yhich  spherical  atoms  may  unite.     Oxygen  is  denoted  by  o ;  Hydrogen 
by  ©  i  Nitrogen  by  0 ;  Carbon  by  # ;  and  ao  of  the  rest. 

In  water  we  have  1  atom  of  oxyfpen  united  with  1  atom  of  hydrogen,  o  0-    ^^ 
binary  compound  of  oxygen  and  nitrogen  may  be  represented  by  o  ©•    The  tenuuy 

compoimd  by  o  0  O-     '^^  quaternary  compound  by    ©o* 

As  an  illustration  of  the  mode  in  which  the  relative  weights  of  the  atoms  of  bodies 
ore  determined,  let  us  suppose  that  any  two  elementary  substances,  A  and  B,  form  t 
binary  compound ;  and  that  they  havo  been  proved  experimentally  to  unite  in  ti^ 
proportion,  by  weight,  of  5  of  the  former  to  4  of  the  latter ;  then  since,  according  to 
the  hypothesis,  they  unite  particle  to  particle,  those  numbers  will  express  the  relative 
weights  of  their  atoms.  But  besides  combining  atom  to  atom  singly,  1  atom  of  A  may 
combine  with  2  of  B,  or  with  3,  4,  &c.  Or  1  atom  of  B  may  unite  with  2  of  A,  or 
3,  4,  &c.  When  such  a  series  of  compoimds  exist,  the  relative  proportion  of  ibmr 
elements  ought  necessarily,  on  analysis,  to  be  proved  to  be  6  of  A  to  4  of  B ;  or 
0  to  (4  X  2  =)  8  ;  or  5  to  (4  X  3  =)  12,  &c. ;  or  contrariwise,  4  of  B  to  5  of  A;  or 
4  to  (5  X  2  =)  10 ;  or  4  to  (5  X  3  =)  15.  Between  these  thero  ought  to  be  no  inter- 
mediate compounds :  and  the  existence  of  any  such  (as  5  of  A  to  6  of  B,  or  4  of  B 
to*7j  of  A)  would,  if  clearly  established,  militate  against  the  hypothesis. 

To  verify  these  numbers,  it  is  necessary  to  examine  the  oombinatioius  of  A  and  B 
with  other  bodies.  Let  us  take  C  for  example ;  and  let  us  suppose  that  A  and  0  form 
a  binary  compound,  in  which  analysis  discovers  5  parts  of  A  and  3  of  C.  Then,  i£ 
0  and  B  are  also  capable  of  forming  a  binary  compound,  the  relative  proportion  of  its 
elements  ought  to  be  4  of  B  to  3  of  G  ;  for  these  numbers  denote  the  relative  weights 
of  their  atoms.  Now  this  is  precisely  the  method  by  which  Mr.  Dalton  deduced  the 
relative  weights  of  oxygen,  hydrogen,  and  nitrogen ;  the  two  £j:st  from  the  known 
composition  of  water,  and  the  two  last  ficom  the  proportion  of  the  elements  of  ammonia. 
Extending  the  comparison  to  a  variety  of  other  bodias,  he  obtained  a  scale  of  the 
relative  weights  of  their  atoms ;  which,  corrected  to  agree  with  recent  cxperii»ent8»  is 
as  follows : — 

1.  In  water,  the  hydrogen  is  to  ihe  oxygen  as  1  to  8. 

2.  In  obr^nt  gas,  the  hydrogen  is  to  the  carbon  as  1  to  6. 

3.  In  carbonic  oxide,  the  oxygen  is  to  the  earbon  as  8  to  6. 

Whether,  therefore,  we  determine  the  weight  of  the  atom  of  carbon,  from  the  pro- 
portion in  which  it  combines  with  hydrogen,  or  with  oxygen,  we  arrive  at  th«  aame 
number,  6  :  an  agreement  which,  as  it  occurs  in  various  other  instances,  can  scarcely 
be  an  accidental  coincidence.  In  a  similax  manner,  8  is  deducible,  as  representing  the 
atom  of  oxygen,  both  from  the  combination  of  that  base  with  hydrogen  and  with 
carbon  ;  and  1  is  inferred  to  be  the  relative  weight  of  the  atom  of  hydrogen  from  the 
two  principal  compounds  into  which  it  enters. 

In  selecting  the  body  which  should  be  assumed  as  imity.  Dr.  Dalton  has  been 
ioduced  to  fix  on  hydrogen,  because  it  is  that  body  which  unites  with  others  in  the 
smallest  proportion  by  weight.  Thus,  in  water,  we  have  1  of  hydrogen  by  /weight 
to  8  of  oxygen ;  in  defiant  gas,  1  of  hydrogen  to  6  of  carbon ;  and  in  sulphureted 
hydrogen,  1  of  hydrogen  to  16  of  sulphur.  Taking  &r  granted  that  all  these  bodies 
are  binary  o<»npoimds,  we  ha^  the  following  seale  of  numbenp  expressive  of  the 
rehuUve  weights  of  tihe  atooM  of  their  elements :— - 
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OxygMi  =  1. 

Oxygen  = 

.  0126 

1-25 

.  0-76 

7'oO 

.  1-75 

17-5 

llydrogcii  •  ,            •            •                        .1 

OxT^gon      ,  .                                    .8 

Gtfbon  .6 

Sdphur  .16 

Bib.  Wollastoa  and  Thomson,  aud  rrufesflor  l^cizcl ! us,  on  the  other  hand,  have 
iBSttmed  oxygen  aa  the  decimal  unit  (tho  fl.bL  uiuLlu^  it  10,  the  second  1,  and  the 
third  100)y  chiefly  with  a  view  to  facilitate  tho  rcprcientation  of  the  numerous  com- 
poonda  of  oxygen  with  other  hodies.  Th;«  is  to  bo  regretted,  even  though  the  change 
may  be  in  some  respects  for  the  hotter,  because  it  is  extremely  desirable  that  chemical 
Tritera  should  employ  a  standard  of  comparison  for  the  weights  of  tho  atoms  of  bodies 
that  may  be  universally  and  at  once  understood ;  and  the  hydrogen  scale  appears  to 
deserve  a  preference,  because  the  numbers  comi)osing  it,  so  fu:  aa  experiment  has  yet 
shown,  are  so  nearly  simple  multiples  of  the  weight  of  hydrogen  taken  as  1,  that  tho 
j  deviations  from  strict  conformity  to  the  rule  may  be  safely  ascribed  to  unavoidable 
I  eirors  of  manipulation.  But  the  scale,  in  which  oxygen  is  taken  as  imity,  necessarily 
iavdvea  the  use  of  fractional  numbers,  as  in  the  following  exami)les : — 

Hydrogen 

Carbon 

Nitrogen 

It  is  true  that  those  numbers  ai'o  easily  converted  into  each  other  by  a  simple 
arithmetical  rule.  Thus  to  know  what  number  would  be  equivalent  (oxygen  being 
nq>po0ed  l^  10,  or  100)  to  any  known  number  on  the  hydrogen  scale,  say  as  8  is  to 
1, 10,  or  100,  80  is  the  known  equivalent  to  tho  number  sought  And,  on  the  other 
hand,  the  equivalent  in  the  hydrogen  series  to  any  known  number  on  the  oxygen  scale 
is  obtained  by  the  proportion  1,  10,  or  100  ;  8  :  ^i^o  given  nmnber  :  tho  number 
•onght. 

When  any  two  bodies  unite,  so  far  as  we  know,  in  one  proportion  only,  the  relative 
weight  of  their  atoms  is  in  most  cases  determined  by  their  combining  proportion.  Thus 
since  hydrogen  and  chlorine  unite  only  in  the  proportion  by  weight  of  1  of  the  former 
to  35  of  the  latter,  we  consider  the  relative  weight  of  the  atom  of  hydrogen  to  that  of 
the  atom  of  chlorine  to  be  as  1  to  35.  But  when  one  body  unites,  in  different  pro- 
portions, with  another,  it  is  necessary,  in  order  to  ascertain  tho  weight  of  its  atom, 
that  we  should  know  the  smallest  proportion  in  which  the  fbrmor  combines  with  tho 
latter.  Thus,  if  we  have  a  body  A,  100  parts  of  which  by  weight  combine  with  not 
IflBB  than  32  of  oxygen,  the  relative  weight  of  its  atom  will  be  to  that  of  oxygen  as 
100  to  32 ;  or,  redncing  these  nnmbers  to  their  lowest  terms,  as  25  to  8 ;  and  the 
mniber  26  will  expresi  the  relative  weight  of  the  atom  of  A.  But  if,  in  the  progress 
of  adenoe,  it  should  be  finmd,  that  100  parts  of  A  are  capable  of  uniting  with  16  parts 
•f  oxygen,  than  the  reilative  wttg^  of  the  atom  of  A  must  be  doubled,  for  as  100  is  to  16, 
•o  ia  50  te  8.  This  example  will  serve  to  explain  the  changes,  that  have  been  some- 
tmuB  made,  in  the  weightB  of  the  atoms  of  certain  bodies ;  changes  which,  it  may  be 
obaerved,  always  ooasist  either  in  a  multiplication,  or  division,  of  the  original  weight, 
by  some  sinqple  aamber.  It  is  pcopeE,  however,  to  state  that  tho  combimng  propor- 
tions are  moi  of  tbcmfielvcs  sn^ioient,  ibr  reasons  which  will  soon  be  assigned,  to  decide, 
ia  ifl  casss^  tha  irae  atomio  weights  of  bodies. 
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In  cases  where  we  have  the  apparent  anomaly  of  1  atom  of  one  substance  united 
with  1^  of  another,  it  has  been  proposed  by  Dr.  Thomson  (Ann.  of  Phil.  y.  187)  to 
i-emove  the  difficulty  by  assuming  that,  in  such  compounds,  we  hare  two  atoms  of  the 
one  combined  with  3  atoms  of  the  other.  This  saves  us  the  necessity  of  speaking  of 
fractions  of  atoms,  which,  from  the  definition  of  the  word  atom,  implying  indivisibility, 
is  evidently  a  contradiction  in  terms.  Such  combinations,  it  is  true,  are  exceptions  to 
a  law  deduced  by  Berzelius— <Aa^,  in.all  inorganic  compounds,  one  of  the  constituents  is  in 
the  state  of  a  single  at^m.  But  they  are  in  no  respect  inconsistent  with  the  views  of 
Dr.  Dalton ;  and  are,  indeed,  expressly  admitted  by  him  to  be  compatible  with  his 
hypothesis,  as  well  as  confirmed  by  experience.     (Ann.  of  Phil.  iii.  174.) 

The  investigation  of  the  number  of  atoms  in  compounds  is  attended  with  consider- 
able difficulty,  and  cannot  always  be  decided  by  the  combining  proportions  merely, 
without  regard  to  other  considerations.  On  this  subject  Dr.  Dalton,  in  the  second 
part  of  his  New  System,  recently  published,  has  made  the  following  remarks:— 
"  When  two  bodies,  A  and  B,  combine  in  multiple  proportions ;  for  instance,  when 
10  parts  of  A  combine  with  7  of  B  to  form  one  compound,  and  with  14  to  form  another, 
we  are  directed  by  some  authors  to  take  the  smallest  combining  proportion  of  one 
body,  as  representative  of  the  elementary  particle  or  atom  of  that  body.  Now  it  must 
be  obvious  to  any  one  of  common  reflection,  that  such  a  rule  will  be  more  frequently 
wrong  than  right.  For,  by  the  above  rule,  we  must  consider  the  first  of  the  combina- 
tions (10  A  4~  7  B)  as  containing  1  atom  of  B,  and  the  second  (10  A  -f-  14  B)  as 
containing  2  atoms  of  B,  with  1  atom  or  more  of  A ;  whereas  it  is  equally  probable,  by 
the  same  rule,  that  the  compounds  may  be  2  atoms  of  A  to  1  atom  of  B,  and  1  atom 
of  A  to  1  of  B  respectively.  For  the  proportions*  being  10  A  to  7  B  (or,  which  is  the 
same  ratio,  20  A  to  14  B),  and  10  A  to  14  B,  it  is  clear  by  the  rule,  that  when  the 
numbers  are  thus  stated,  we  must  consider  the  former  combination  as  composed  of 
2  atoms  of  A,  and  the  latter  of  1  atom  of  A,  united  to  one  or  more  of  B.  Thus  there 
would  be  an  equal  chance  for  ri^  or  wrong.  But  it  is  possible  that  10  of  A  and 
7  of  B  may  correspond  to  1  atom  of  A  and  2  atoms  of  B  ;  and  then  10  of  A  and  14  of  B 
must  represent  1  atom  of  A  and  4  atoms  of  B.  Thus,  it  appears,  the  rule  will  be  more 
frequently  wrong  than  right." 

A  particular  example  may,  perhaps,  render  the  difficulty  above  stated  more  intel- 
ligible to  the  student.    Two  oxides  of  copper  have  been  ascertained  to  exist : 

1st.      8  oxygen  -J-  64  copper  =  the  red  oxide. 
2nd.  16  oxygen  +  64  copper  =  the  black  oxide. 

Now  these  oxides  may  be  variously  contemplated :  for  we  may  either  consider  the 
first  as  the  true  binary  compound  of  1  atom  of  oxygen  -^  1  &tom  of  metal,  and  the 
second  of  2  atoms  of  oxygen  -J-  1  atom  of  metal ;  or  we  may  (with  equal  probability, 
apart  from  other  considerations)  view  the  second  as  the  binary  compound  of  1  atom  of 
oxygen  (8)  +  1  atom  of  copper  (32),  which  are  the  same  proportions  as  16  to  64.  The 
first  compound  will,  in  that  case,  come  to  be  regarded  as  1  atom  of  oxygen  +  2  atoms 
of  metal,  32  X  2  =  64.  The  latter  view,  in  fact,  is  the  one  actually  taken  of  these 
oxides  by  Dr.  Thomson,  who  regards  the  first  compound  as  a  suboxide,  and  the  second 
not,  as  it  is  generally  considered,  as  a  deutoxide,  but  as  a  protoxide.  In  all  cases  of 
fhiw  sort,  it  is  necessary  to  examine,  not  only  the  compound  of  the  two  elementary 
bodies  with  each  other,  but  the  compounds  of  each  with  other  bodies ;  and  also  to 
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balance  the  probftbilities  deriTed  from  otber  considerations,  such  as  the  oom- 
poratiTe  facilities  with  which  the  respective  compounds  are  formed  or  decomposed ; 
their  convertihility  into  each  other ;  and  the  permanence  or  instability  which  belongs 
to  them. 

When  only  one  compound  of  any  two  gaseotu  elements,  A  and  B,  exists,  it  is  most 
reasonable  to  suppose  that  it  is  composed  of  1  atom  of  A  -|-  1  atom  of  B,  because  an 
additional  atom  of  either  element  (B  for  example)  would  introduce  a  now  force, 
diminishing  the  attraction  of  the  two  elements  for  each  other,  yiz,  the  mutual  rcpul- 
don  of  the  atoms  of  B ;  and  this  repulsion  will  be  the  greater,  in  proportion  as  we 
increase  the  number  of  the  atoms  of  B.  When  more  than  one  compound  of  two 
elements,  A  and  B,  exists,  that  which  is  with  most  difficulty  decomposed  is  probably 
tiie  binary  one  of  atom  to  atom.  For  example,  it  is  much  more  probable  that  water  is 
eimstttuted  of  an  atom  of  ox3rgen  +  an  atom  of  hydrogen,  than  that  the  peroxide  of 
hydrogen  should  be  so  composed ;  for  in  the  latter,  one  proportion  of  oxygen  is  so 
weakly  combined  as  to  escape  merely  by  rirtue  of  its  own  elasticity. 

The  difficulty  of  deciding  upon  tiie  actual  number  of  atoms,  which,  on  the  assump- 
tion of  the  atomic  theory,  any  particular  compound  of  a  series  should  possess,  can  be 
still  further  illustrated  by  contemplating  the  law  of  combination  by  Tolume.  Thus 
water,  as  we  hare  seen,  is  a  compound  of  two  volumes  hydrogen  with  one  volume 
oxygen. 

'       ""^^        Water. 


IIF  = 


H  l-~-|  =1  Peroxide  of  hydrogen. 


indlnnoxide,  or  peroxide  of  hydrogen,  is  a  compound  of  equal  volumes*  How  are  we 
to  arrive,  from  the  consideration  of  data  here  given,  at  a  knowledge  of  the  true  atomic 
constitution  of  these  two  substances  ?  Two  suppositions  are  possible.  Either  the 
atomic  volume  of  oxygen  is  half  that  of  hydrogen,  and  water  is  a  compound  of  an 
equivalent  of  each,  or  it  may  also  be  assumed  that  the  atoms  of  oxygen  and  hydrogen 
fiU  equal  spaces ;  in  accordance  with  which  supposition  water  would  be  a  compound  of 
one  of  oxygen  and  two  of  hydrogen,  and  the  peroxide  of  hydrogen  would  be  composed 
of  two  equivalents  of  each  of  its  constituents ;  in  either  case  the  ratio  of  composition 
remaining  the  same.  Accordingly,  many  continental  chemists,  following  the  example 
first  set  by  Berzelins,  believe  in  the  equal  size  of  all  atoms,  when  compared  in  the 
same  cohesive  state,  and  thus  regard  water  as  not  a  protoxide  of  hydrogen,  but  a 
suboxide. 

This  theory  has  never  been  much  adopted  by  British  chemists ;  and,  indeed,  its 
asBomption  involves  such  a  complexity  of  relations  with  other  compounds  as  to 
render  its  adoption  most  inconvenient  in  practice,  even  if  the  balance  of  theoretical 
arguments  were  in  its  favour.  The  balance  of  theoretical  arguments  is,  however, 
against  it. 

]f  ence,  it  cannot  fkil  to  be  recognised,  that  however  correctiy  the  ratio  of  com- 
bination may  have  been  determined  for  a  series  of  bodies,  still  the  numeral  basis  of 
ibis  ratio,  on  the  determination  of  which  depend  our  ideas  concerning  the  number  of 
atoms,  remains  a  pure  matter  of  speculation.  Thus  we  know  as  a  fact,  that  peroxide 
of  hydrogen  contains  twice  the  quantity,  by  weight  and  by  volume,  of  oxygen  that 
water  ocmtains ;  but  whether  the  series  of  two  is  to  be  regarded  in  accordance  with 
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tlw  first  or  Hie  second  of  the  appended  fldiemes,  a  mere  kftowledge  el  their  cowibimiif; 
ratios  cannot  alone  further  aid  ua  to  determine. 

THEOHY  OP  DALTOX,  ) 

(Usually  accepted  in  England).  |  THEORY  OF   BERZELITTS. 


By  weight. 

Atoms. 

By  weight. 

Atoms. 

IL   0. 

H.   0. 

H.   0. 

H.   0, 

"Water 18 

1      1 

Water 18 

2     1 

Peroxide  of  hydrogen  1  16 

1     2 

Peroxide  of  hydrogen  1  16 

2     2 

It  seems  rational  to  assume,  however,  that  the  most  permanent  compound  of  a 
scries  should  be  that  genorated  by  the  combination  of  equal  atoms.  Now  water  is  a 
remarkably  permanent  compound.  It  is  the  only  compound  of  oxygen  and  hydrogea. 
found  in  nature.  It  is  the  phase  of  combination  into  which  oxygen  and  hydrogeji  are 
prone  to  assume.  On  the  other  hand,  peroxide  of  hydrogen  may  be  designated  aa  a 
strained  or  forced  compound,  never  occurring  in  nature,  brought  into  operation  by  an 
indirect  chemical  process,  its  particles  held  together  by  overstrained  forces,  and  half  its 
oxygen  prone  to  be  evolved  by  very  slight  causes,  leaving  water  as  the  fixed  resulL 
These  facts  being  considered,  it  seems  most  rational  to  assume  that  water  is  the  zeal 
protoxide  of  hydrogen — ^tho  real  combination  of  single  atoms.  AnotJier  power  by 
which  it  has  been  proposed  to  determine  the  compound  of  single  atoms  in  a  binary 
series,  is  that  of  voltaic  electricity.  Davy  believed  that  all  compounds  should  be  capable 
of  decomposition  by  electricity,  supposing  that  the  amount  of  electricity  applied  were 
sufficiently  great.  Faraday,  however,  has  demonstrated,  that  out  of  any  series  of  binary 
compounds,  only  one  is  •  capable  of  direct  decomposition  by  qjectricity.  Collateral 
reasoning  has  led  this  philosopher  to  the  belief  that  the  particular  compound  of  any 
series,  thus  subject  to  electrical  decomposition,  is  the  one  which  is  a  direct  combination 
of  atom  to  atom.  The  doctrine  being  accepted,  the  proof  of  monatomism  would  be 
capability  of  electric  decomposition— a  strong  presumptive  argument  in  favour  of  the 
supposition  that  the  compound  so  decomposed  possessed  a  single  atomic  constitution. 

A  third  means  of  arriving  at  the  determination  of  the  number  of  atoms  oontained 
by  a  compound  is  suggested  by  a  curious  deduction,  first  made  by  Messrs.  Petit  and 
Bulong  (Ann.  de  Ch.  et  Phys.  vol.  x.  403),  and  since  followed  out  by  M.  Regi^ult. 

According  to  the  results  of  these  experiments,  it  would  seem  highly  probable  that 
the  atoms  of  all  simple  substances— that  is,  their  equivalent  weights — ^have  all  the  same 
capacity  for  heat.  Hence,  the  specific  heat  of  any  simple  substance,  multiplied  by  its 
equivalent  number,  should  yield  a  constant  quantity.  Subjecting  to  this  operation  the 
accepted  atomic  weights  of  simple  bodies,  it  is  found  that  most  of  them  really  comply 
with  the  theoretical  conditioDs ;  the  product  of  their  atomic  weight  and  specific  beat 
is  a  fixed  number.  But  eertain  elements  vary  firom  this  rule ;  and  in  such  cases  Hie 
ratio  of  variaticn  is  measured  by  some  multiple  or  sub-multiple  of  the  accepted  ataado 
inumber.  Thus,  for  instance,  it  has  been  found  that  carbon,  when  its  atomic  or  equi- 
valent number  is  multiplied  into  the  number  expressing  its  specific  bent,  does  not  yield 
the  theoretical  product,  but  exactly  half  that  product ;  hence,  supposing  the  theory  of 
M.  M.  Petit  and  Dulong,  and  Gay  Lussao,  to  be  accepted,  the  combining  proportion  of 
earbon  should  be  double  iha.t  we  usually  accept— that  is  to  say,  it  should  be  12 
instead  of  6. 

When  discussing  tiie  subject  of  heat,  the  above  speculations  will  be  further  treated 
of  in  detail    They  have  been  merdy  adverted  to  in  this  plaee  for  the  purpose  of  show- 
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log  oBd  !■— nn  pirapoMd  for  dttezmittiiig  th»  nnmbflr  of  «tonii  CBteriog  into  a  biaury 
eoiDfomd. 

In  ofvery  oeioaBe  il  it  aooeonzy  oloulj  to  dUtinguiali  between  whst  k  certain  and 
vi*t  ia  manly  pcobabla.  Tlio  laws  of  combinatioiiy  in  definite  and  multiple  jHopor- 
tioii%  appear  to  bdong  to  the  former  daaa ;  but  the  generalicatuni,  whiob  explains 
theoe  tmtba  by  q»ee«lalioni  reapeoting  atoma,  nmat  be  acknowledged,  in  its  preacnt 
alatei  to  be  entiiely  tbeozetieaL  The  piobabilitiea,  boweyer,  in  fnvour  of  ibis 
liiecry  inereaae  witk  the  pcogrets  of  science.  That  bodiea  conaiat  of  ultimate  indi- 
TJaibie  atasa»— that  theae  nltimate  aftoma  hATa  in  diffarent  bodiea  dilBirent  weights — 
dMt  it  IB  mky  betweaoi  these  atoms  that  dhcmical  combination  takes  place**and  then 
nithat  between  single  atom%  or  by  simple  nniltiplea  of  atoma— are  propositions  which 
■ay  be  considered  as  sail  ground  for  our  future  reasonings.  But  the  details  of  the 
Uiaorfy  it  nmat  be  aoknowiedged,  are  still  open  to  fhrther  mvostigation,  and  no  one  was 
matt  aware  than  the  illustrious  author  of  it  himself,  that  wo  still  want  data  sufficiently 
ssact  ior  detormining  ^e  zelatiye  weights  of  ^the  atoms  of  many  bodies,  cspodally  of 
thoae  which  are  known  to  us  only  in  a  gaseous  state.  (See  his  New  System,  vol.  ii. 
p.  Z61,}  Ko  better  aerrice  could  be  rendered  to  chemical  science  than  the  accurate 
dstonninatiniL  of  these  most  important  data,  which  ought  not  to  rest  on  the  testimony 
of  any  one  individual,  howoTer  great  his  reputation  or  his  skill,  but  to  be  decided  hy 
the  concurrent  testimony  of  witnesses  compotent  to  the  taak,  and  uninfluenced  by 
dworotical  predilections. 

.  Althniigh  hydrogen  be  adopted  as  the  unit  of  proportional  relation,  the  adoption  is 
«ie  of  mere  oonrenience,  and  totally  irrespectiTe  of  a  theory  first  advanced  by  Br. 
^ont,  and  propounded  on  the  evidence  of  experimental  demonstration  by  Dr.  Thomson. 
5y  tide  theory  the  atomic  weights  of  all  bodies  were  assumed  to  be  multiples  of  the 
atomie  wei^t  of  hydrogen  by  a  whole  number.  If  this  doctrine  were  established,  then 
a  table  ef  equivalent  weighta — ^hydrogen  being  unity— «hould,  theoretically  speaking, 
contain  no  fractiona ;  and,  practically,  any  fractions  thm  appearing  should  be  referable 
to  errors  of  calculation. 

This  doctrine  was  strennootdy  opposed  by  Berzelius,  as  being  inconsistent  with  his 
dednotiOBs ;  and  ti&e  late  Dr.  E.  Turner  having  gone  through  the  experiments  necos- 
saiy  to  detannine  the  matter  at  issue,  gave  his  adhesion  to  the  views  of  the  Swedi^ 
ibiiaSut .  Aocordingly,  in  the  table  of  atomic  or  equivalent  numbers,  which  will  be  found 
andsr  the  head  of  Chemistry  of  tJie  Ponderable  Agents,  fractional  parts  will  be  given. 
On  the  law  of  volumes,  as  first  generalixed  by  M.  Gay  Lussao,  were  fbunded  some 
intai^atiag  speeulatians,  pablidied  ammymouBly  in  Dr.  Thomason's  Annals  of  Philosophy, 
tnr  KoT,  1815,  but  since  acknoidedged  by  Dr.  Prout,  On  iAi  ^RdaUon  behMM  the 
Spmf^  Qravitim  0/  Bodies  m  their  Qmmm»  Staie^  and  the  Weight  of  their  Atome. 
Atsoming  atmoiq^herie  air  to  be  constituted  of  four  volumes  of  axote,  and  one  volume 
of  oxy^^an^  and  oanaidering  the  weight  6f  tixe  atom  of  oxygen  as  10,  and  that  of  t^e 
atom  of  azote  as  17*5,  he  finds  the  iq>eaific  gravities  to  be 

Of  oxygen  gas  '        .        .        *        .        1^1111 
Of  azote -972 

From  the  specific  gravity  and  composition  of  ammonia  he  deduces  the  specific 
gravity  of  hydjrogen  gas  to  be  0-0694.  The  specific  gravity  of  oxygen  thus  obtained  is, 
therefore,  exactly  16  times  that  of  hydrogen,  and  the  specific,  gravity  of  azote  just  14 
tim^s.     By  a  similar  method  he  inferred  the  specific  gravity  of  other  gases^  and  ^Xaic^ 
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1  to  L$^.    3Kpir  -^a^  t^ 
giict  S-«llll  &r  tike 

of 
gnnrxtf  of 
drriatioa  fiom  tibe  iSKORtinl 

Tke  4k&Bte  propoBtifladitf  «fct 
tibe  MSBBKBfii  IB  finriMr  4f  tibe 

:bitaid  of  len^  fhe  to  tibe 
atoBH,  it  aij  be  fhe  to  soe  fiautatkai  4f 

in&  reject  to  tikif  aMtlcr,  a  tnm  of  tett 
vpi»  ly  M.  iNnHH,  vko  kas  dnwit  '1^  itlftiiii  if  ifciMiiM  to 
fjiffng  htitwttM.  ffitaiii  hiidi    ifLrtii— y  m 
^■antitKS  iMtB.  to  Ksr  a  itrict  faupmtioility  to 
Uietriad.    The  tbree aaifle bodies— dikriae^ iodn 
ideat  tdlhe  ttkbnUd  Ficndi pMoMpher.     Svoy 

TMp*»«gy  aft  tWi  in  all  Arnmneaik  ijiiIimi  Apj- m»  AmiiW  J  ^^al^^gwyift  «r>^  — J  ^^ 

•aane  group,  Tbns,  lor  cxsmple,  all  time  are  cuduwcd  vi&  a  pwagcat  odoor  of  tibe 
feme  qualitj' ;  alltihree  gire  rise,  liy  coBbiBatiiBiy  to  aaalo^oaB  coHpoiBds;  all  tbree 
areTola<iku  I/Mddiig  at  tiieie^ectiTe  degrees  of  tlieircQlwBmstato,  we  imd  iodte 
(a  foiid)  at  ODe  ead  of  tibe  series^  broHmie  (a  liq[iiid}  in  the  aoiddle,  aad  dikriae  (a  gas) 
at  tibft  other  cad ;  flaw  pgwfirting  a  wdl  aaAed  giadatioa,  TTir  ■■[  iiaml 
good,  IB  gewxa],  fiir  the  degree  of  energy  widi  vhidi  each  aieBber  of  the  triad 
iato  chearieal  combmatiniia,  Serezalodiera^ectsofTieviBg  the  three  will  occar  to 
difmifti ;  an  soggestire  of  ibe  gcnezal  idea  that  cUoriae  and  iodiae  are  reqwctmly 
^eztieaies  of  a  tr^le  amngeBMnt,  of  whiehlsQaiiBeistiiemeaB.  But  the  aiost 
reiBifiraMe  eoinddeBce  in  reference  to  flbis  aotjeethas  beea  poialed  out  hylLDBma^ 
and  it  is  tius  :~If  the  eqairalent  moahen  of  rhWiwe  and  iodine  (the  extrenies)  ha 
added  togetiber,  and  their  mean  jaoportional  ohtaiaed  hy  diriaion  hj  2^  tiie  reeoh  of 
this  operation  is  tiie  equivalent  mnnber  of  iKOBBe.    Thna^ 

Atomic  or  efaivalentwei^  of  ehkrina  •        •  35 

f.  of  iodine  .        .        .125 
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Half  that'som   ^-^  is  ibe  atomic  weig^  of  faromine. 
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«  Thus  it  foUowB,"  to  lue  the  fig:urative  language  of  M.  Dumaa,  "  if  we  oould  by 
any  means  cause  the  union  of  half  an  atom  of  chlorine  with  half  an  atom  of  ioduxe,  we 
might  hope  to  create  an  atom  of  bromine."  The  language  is  so  far  figurative,  that  to 
effect  the  division  of  an  atom,  that  is  to  e  ay  on  indivisible  thing ^  is  obviously  impossible ; 
but  it  is  not  irrational  to  speculate  on  the  divisibility  of  a  force. 

Leaving  the  triad,  chlorine,  bromine,  and  iodine,  that  of  sulphur,  selenium,  and 
tdlurium,  may  be  selected  as  demonstrative  of  similarly  existing  relations.  These  three 
bodies  are  well  known  by  chemists  to  be  isomeric,  that  is  to  say,  capable  of  mutually 
replacing  each  other  in  chemical  combinations.  Of  the  three,  sulphur  is  the  most  volatile, 
selenium  the  next,  tellurium  least  of  all.  As  to  their  decomposing  power,  sulphur  replaces 
nelfflninm,  selenium  tellurium ;  in  short,  the  remarks  applied  to  the  triad  of  chlorine, 
bromine,  and  iodine,  will  also  apply  here.  Now  the  equivalent  or  combining  weight  of 
mlphur  is  16,  of  tellurium  64,  and  half  the  sum  of  these  extremes  is  the  number  40 — 
the  exact  atomic  weight  of  the  middle  term  of  the  triad — ^the  atomic  weighty  of 
selenium. 

Take  again  the  triad  calcium,  strontium,  and  barium.  Without  stopping  to  indi- 
cate the  various  analogies  of  these  bodies,  it  will  be  sufficient  to  remark  that  chemists 
imivexBally  recognise  their  similarity.  In  this  scale  of  analogous  qualities,  calcium 
and  barium  are  the  extremes,  strontium  is  the  mean.  The  atomic  or  equivalent  weights 
of  the  three  are  as  follow : — 


Calcium  . 

.    20 

Strontium 

.    44 

Barium    . 

.    68 

And  it  will  be  evident  at  a  glance  that  there  exists  here  a  harmony  between  the 
chemical  qualities  and  the  numeral  exponent  of  their  combining  proportion  as  before ; 
for  68  plus  20  divided  by  2  is  equal  to  44,  the  atomic  number  of  strontium.  Then, 
again,  to  employ  the  Ismguage  of  M.  Dumas,  if  we  could  *<  by  any  means  effect  the 
ani<m  of  half  an  atom  of  barium  with  half  an  atom  of  calcium,  we  should  have  one  atom 
of  strontium  as  the  result" 

lithium,  sodiimi,  and  potassium,  constitute  another  well  marked  and  imiversally 
recognised  chemical  triad.  The  similarity  between  these  bodies  is  too  evident  to  need 
being  pointed  out.  Of  the  three,  lithium  is  the  least  individualised  alkaline 
metal ;  potassium  the  most  individualised ;  sodium,  as  every  chemist  knows,  stands 
iotennediately ;  and  here  again,  referring  to  the  respective  equivalent  numbers, 
(here  is  a  numeral  accordance   similar  to  the  one  pointed  out  in  the  preceding 


Sacb.  an  extraordinary  symmetry  of  chemical  qualities  with  numeral  exponents  can 
scarcely  be  assumed  to  be  a  matter  of  chance ;  still  less  can  it  bo  averred  that  the 
figures  on  which  these  deductions  are  based  have  been,  in  any  case,  much  strained  to 
aecord  with  the  opinions  of  M.  Dumas,  although  inorganic  chemistry  affords  the  most 
palpable  examples  of  the  correlation  between  material  qualities  and  numeral  exponente ; 
nevertheless,  the  French  philosopher  believes  this  correlation  to  be  far  more  widely 
recognisable.    Thus  many  chemists,  and  M.  Dumas  amongst  the  number,  have  regarded 

*  It  should  be  remarked  that  some  of  the  atomic  numbers  assumed  by  M.  Dumas,  and  here 
employed,  vary  tea  alight  extent  from  those  generally  accepted— cot  enougb,  howeyer,  to  invalidate 
lus  doctrine. 
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otftt&r  orgntic  b6dMfl» asialo  otaitiylkb  metds.    Of  &is  kind  avo  tibe  fiuree  drganic 

Cj    Ho    O 

Oe  H,  0 
itfik^  nUky  liA  legtfded  as  three  sereral  oxides  of  an  isomeric  triad,  nialogoas  to  tbose 
aireftdy  adterted  to  in  the  inorganic  kingdom.  Slig^  examination  will  prove  t&e-  law 
ai«y  holds  good  in  the  latter  case.  Omitting  the  oxygen  in  the  three  preceding  fiinb- 
flfamees,  half  the  soms  of  the  extremes  wiU  Be  equal  to  the  mean.  Indeed,  M.  Dmbas 
M»  in  these  manifestations  a  gsneral  law,  which  may  he  thos  expressed  :^^W&en 
Iferee  hodies  haying  qualities  precisely  similar,  though  not  identical,  are  amakged 
hx  Ibe  succession  of  their  chemical  powers,  there  will  be  also  a  succiMsive 
arrangement  of  their  numeral  powers,  indicated  by  the  respective  eqniralent  nnmbets 
of  the  substances. 

This  symmetry  between  chemical  and  numeral  function  suggests,  as  M.  JhoSUM 
remarks,  the  possibility  of  transmutation—  yet  not  transmutation  in  the  M.  alcbemical 
flense.  Chemists  see  no  manifestations  of  a  tendency  of  being  aUe  to  conTert  lewS  iBl» 
sfiver  or  gold.  These  metals  are  not  chemically  conformable.  One  cannot  fafie  Ae 
otiiers  place  by  substitution.  They  are  not  isomeric.  The  probability,  M.  DonMB 
imagines,  is  that  our  first  instances  of  metallic  transmutation  wiH  effect  the  physical 
state  merely  without  affecting  chemical  composition,  analogous  to  many  known  cases 
amongst  non-metallic  elements.  Thus,  carbon  as  charcoal  is  widely  different  in 
its  physical  relations  from  carbon  as  the  diamond.  Sulphur  and  phosphorus 
respectively  assume  two  forms,  as  is  well  known.  ^VTiy  may  not  a  metal  be  similarly 
endowed? 

Off  ElecUwe  Affinity^— An  important  law  of  affinity,  dedueed  chiefly  £rom 
the  phenomena  of  chemical  decomposition,  is,  that  one  body  has  not  the  same 
force  of  affinity  towards  a  number  of  others,  but  attracts  them  unequally.  Thus 
A  will  combine  with  B  in  preference  to  C,  even  when  these  two  bodies  are  pre- 
sented to  it  under  equally  favourable  circumstances.  Or  when  A  is  united  with  G, 
the  application  of  B  wUl  detach  A  from  C,  and  we  shall  have  a  new  compound, 
consisting  of  A  and  B,  C  being  set  at  liberty.  Such  cases  are  examj^es  of  wlfflt 
is  termed  in  chemistry  simple  deeomposih'oMy  by  which  it  is  to  be  understood  that 
a  body  acts  upon  a  compoimd  of  two  ingredients,  and  unites  with  one  of  its  con- 
stituents, leaving  the  other  at  liberty.  And  as  the  forces  of  affinity  of  one  body 
to  a  number  of  others  vary,  this  body  has  been  metaphorically  represented  as  making 
an  election  ;  and  tbe  affinity  has  been  called  sinpU  eUciivt  aJRMtty.  Thus,  if  to  liquid 
hydrochlorate*  of  lime,  consisting  of  Hme  and  hydrochloric  acid,  we  add  potassa^  the 
lime  &lls  down  in  the  state  of  a  powder,  or  is  prmpitated.  Of  facts  of  this  kind  a  great 
variety  has  been  comprehended  in  the  form  of  tables,  the  first  idea  of  which  occurrad 
nearly  a  century  ago  to  Geoffiroy,  a  French  chemist.  The  substance,  whose  affimties 
are  to  be  expressed,  is  placed  at  the  head  of  a  column^  and  is  separated  from  tbe  rest 
by  a  horizontal  line.  Beneath  this  lino  are  arranged  the  bodies  with  which  it  i» 
capable  of  combining,  in  the  order  of  their  respective  forces  of  affinity ;  the  subBtaace 
which  it  attracts  most  strongly  being  placed  nearest  to  it,  and  that  for  which  it  has 

♦  What  is  here  Mlled  hydrochlorate  of  lime  may  really  be  chloride  of  caldam;  hfot  the  latter 
term  would  not  be  exprearive  in  the  ease  under  oonaideratloa.  Cnder  Che  head  of  Chlorine  ikKf 
Hydrochloric  Add,  the  condition  of  chlorine  in  aqueous  solution  vill  be  ftilly  explained. 
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uie  Mflflt  affl]pif]f  tf  too  bottom  of  tho  cohuiA.    Tho  tfnnitiM  of  liydrocldorio  ftcid^  Ibr 
exam]^  irr  cudweed  by  the  fonowfng:  scries  :— 


HTDBOCHLORIC  ACID. 


Oxide  of  sflTcr, 
Potassa, 
Soda, 
■    Baryta, 
Strontia, 

Magnesia:,  "'  ' 

Ammonia,  &c.,  &c. 

GhemistrjTy  indeed,  presents  innumorablo  examples  in  which  tnis  apparent  clectioA 
tafces  iplace.  A  few  more  leading  examples  may  be  noticed.  If  hydrochloric  acid  be 
eantiafixsly  added  to  a  mixture  of  limo  and  alomina,  not  a  particle  of  tho  latter  wiU  be 
attacked  until  the  lime  has  been  quite  dissolved ;  thus  creating  the  impression  that 
ibe  acid  and  lime  were  endowed  with  a  sort  of  reciprocal  pro^rence  for  each  other. 
Nitric  acid  is  capable  of  acting  both  upon  iron  and  upon  copper,  red  nitrons  acid  fumes 
being  in  either  case  eyolycd ;  yet  if  nitric  acid  be  poured  upon  iron  and  copper,  both 
in  eontact,  not  a  particle  of  copper  will  be  attacked  until  the  iron  has  been  all  dis« 
lohred.  If  io^ne  ba  brought  into  contact  with  hydrosulphuric  aoid  gas,  sulphur  ii 
expelled,  and  the  iodine  and  hydrogen  unite,  forming  hydriodio  acid  gas.  If  chlorine 
be  mised  with  the  hydriodic  acid  gas  thus  formed,  decomposition  will  again  ensne ; 
hydroehloric  acid  will  be  formed,  and  iodine  liberated.  Nitrate  of  silver  constitutes 
the  starting  point  of  a  very  interesting  series  of  simple  decompositions.  If  a  globule 
uf  mercury  bo  thrown  into  a  solution  of  this  salt,  tho  mercury  is  dissolved,  forming 
nitrate  of  mercury,  and  a  proportionate  amount  of  silver  thrown  down.  If  copper  be 
immersed  in  nitrate  of  mercury,  mercury  is  thrown  down  and  copper  dissolTcd, 
fbmnng  nitrate  of  copper.  In  like  manner,  continuing  the  scries,  metallic  lead  will 
separate  copper  from  nitrate  of  copper,  and  metallic  zinc  will  separate  lead  from,  nitrate 
oflead. 

It  must  be  here  stated,  in  anticipation  of  another  part  of  our  subject  not  yet  dis- 
Goasedy  that  thecompounds  termed  in  tho  preceding  statement  nitrate  of  copper,  of  silver, 
of  mercury,  &c.,  are,  respectively,  nitrates  of  the  oxides  of  thcso  metals ;  hence  the 
appallatiens,  nitrate  of  tho  oxuU  of  silver,  &c.,  would  have  been  more  correct :  although 
the  eipircerion  is  usually  abbreviated.  From  thia  explanation  it  will  appear  that  the 
ordai  of  separation  of  the  metals,  silver,  mercury,  copper,  and  lead,  ia  really  the 
order  of  their  separation  from  oxygen.  Consequently,  we  may  now  arrange  the 
order  of  decomposition  for  the  specified  substances,  aa  regards  oxygen  and  hydrogen 
rsqpeetiy  ely  y  aa  iollowa  >— 

Kwioam^.  03iy«nr. 


Chlerine 

Iodine 

Snlphnz 


Zinc 

Lead 

Copper 

Heronry 

Silver 


If  the  osiisr  si  taottfesHSoB  fbr  K117  gites  seriM  irvse  farfttria^ 
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fMity  by  rneuM  of  tftblei,  siieh  ai  thoie  draim  up  by  GeofEroy,  to  specify  the  relatiye 
ttrength  of  affinity  imbsifting  between  any  number  of  bodies  which  mig^  hare  once 
been  submitted  to  investigation.  But  various  circumstances  demonstrate  that  such 
tables  merely  indicate  the  order  of  decomposition  under  one  particular  set  of  con- 
ditlops,  and  are  by  no  means  to  be  accepted  as  a  true  measure  of  affinity.  The  force 
of  the  objection  just  offi.*rcd  will  be  rendered  apparent  by  reflecting  on  the  fol- 
lowing circumstances. 

If  aqueous  vapour  be  passed  over  red-hot  iron,  oxide  of  iron  is  formed  and  hydrogen 
Uboratedi  thus  giving  rise  to  an  impression,  if  the  theory  of  Gcofiroy  be  adopted,  that 
oxygen  possesses  a  greater  affinity  for  iron  than  it  has  for  hydrogen  ;  yet,  by  varying 
the  conditions,  it  is  possible  to  obtain  a  testimony  directly  opposed  to  the  former.  If 
oxide  of  Iron  be  submitted  to  the  action  of  hydrogen  gas,  at  an  elevated  temperature, 
the  oxide  Is  decomposed,  and  water  and  metallic  iron  result.  Judging  from  the  testi- 
mony of  this  experiment,  it  would  appear  that  oxygen  has  a  greater  affinity  for 
hydrogen  than  for  iron. 

If  potassium  be  thrown  into  water,  so  violent  is  the  tendency  which  the  alkaline 
metal  manifests  for  oxygen  that  water  is  decomposed,  and  combustion  ensues.  If 
motaUio  iron  bo  thrown  into  water,  only  a  very  slow  oxidation  of  the  iron,  after  the 
lapse  of  a  considerable  time,  takes  place.  Hence,  were  there  no  opposing  testimony, 
it  would  seem  clearly  deduoiblo  fVom  the  result  of  these  experiments  that  potassium 
has  greater  affinity  than  iron  for  oxygen.  Yet  the  actual  method  of  obtaining  the 
metal  potassium  consists  in  exposing  its  oxide  (potash),  at  a  white  heat,  to  the  decom- 
posing agency  of  metallic  iron.  If  sulphuric  acid  be  poured  into  a  solution  of  borax 
(borate  of  soda),  decomposition  ensues,  sulphate  of  soda  being  fonned,  and  boracic  acid 
deposited,  Yet,  if  boraoio  acid  bo  heated  with  sidphate  of  soda,  both  dry ;  then  borax 
iH>sults,  and  sulphuric  add  is  expelled. 

By  thus  varying  the  treatment,  results  the  most  opposite  to  those  which  might  have 
been  anticipated  are  obtained.  A  very  remarkable  example  is  furnished  by  the  action 
of  silioio  aoid  on  common  salt,  at  a  high  temperature.  In  all  ordinary  moist  operations 
sUioio  add,  or  sllioa,  is  endowed  witii  such  weak  add  powers  that  they  can  scarcely 
be  recognised ;  yet,  under  conditions  of  high  temperature,  those  powers  are  greatly 
elevated.  The  most  common  plan  of  glazing  porcelain  depends  upon  this  fact :  whilst 
the  unglased,  or  ^seuit  ware,  is  still  glowing,  a  handful  of  common  salt  being  thrown 
upom  it,  deeompodtion  ensues — dlicate  of  soda  is  formed,  and  chlorine  is  expelled. 

Again,  if  hydroehlorate  of  lime  be  mixed  with  an  aqueous  solution  of  carbonate  of 
Mnmonia,  carbonate  of  lime  is  thrown  down  and  hydroehlorate  of  ammonia  results ; 
y«t,  if  the  two  be  heated  together,  without  water,  no  deoompodtion  ensues— carbonate 
of  ammonia  is  evohred  and  hydroehlorate  of  lime  remains. 

All  these  instances— «nd  many  others  might  be  cited— porove  indubitably  that  the 
fb<oe  of  affinity  is  subjected  to  modifications  by  so  great  a  number  of  causes,  that  the 
taUea  of  decosapositka  drawn  up  by  Geoffiroy  can  by  no  means  be  eonddered  indicative 
ol  the  relative  l^»eea  of  affinity  between  the  different  substances  specified  in  the  table. 

The  xac^ffiehtdTeBess  of  the  so-called  tables  of  affinity  of  Geoffiroy  was  first  pointed 
o«t  by  the  eetebmted  BerthoUet.  When  he  pn^unded  his  objeetioflus,  the  laws  of 
d^ftaxte  pfopoirtioaaUsm  were  not  established;  and,  pushing  kb  objeetioiis  to  an 
extreme^  he  denied  the  exigence  of  attraetioa  as  a  separate  £>rce.  He  maintained  that 
th»  ibnftatMWi  of  any  binaiy  compound— and  none  other  iban  binary  coaqpoonda  were 
known  in  hw  tiiaa    wto  not  *i#  to  tl»  of^eralieft  ai  any  distactm  Axce^  but 
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to  the  ttuat  that  the  dements  fbrming  such  a  body  happened  to  generate  in  certain 
proportions,  a  resolt  of  maTinnim  cohcdon.  Thus,  we  know  that  40  parti  of 
sulphuric  acid  and  76  parts  of  baryta  constitute  the  insoluble  sulphate  of  baryta;  and 
we  beliere  the  determinate  ratio  of  this  combination  to  be  explicable  on  the  assumption 
of  the  definite  proportionalism  of  chemical  compounds.  Berthollet,  howeyer,  assumed 
that  the  combination  of  sulphuric  acid  with  baryta,  in  these  proportions,  depended 
on  the  fact  that  no  other  combination  of  the  two  yielded  a  result  of  equal 
insolubility. 

The  deposition  of  sulphate  of  balyta,  when  sulphuric  acid  is  mixed  with  a  barytic 
salt,  Vanished  one  of  the  instances  cited  by  Berthollet  of  the  modification  of  affinity 
by  cohesion  of  th$  reoulUmi,  In  cases  where  the  result  of  combination  does  not  farm 
any  compound  of  great  cohesion — or,  in  other  words,  of  great  insolubility-^then, 
according  to  Berthollet,  the  ingredients  might  combine  together  in  all  possible  pro- 
portions ;  and  the  final  result,  obtained  by  evaporation,  or  otherwise,  would  be  deter- 
mined by  the  cohesive  force  then  brought  into  play. 

If  we  discard  the  fundamental  error  of  ignoring  such  a  force  as  chemical  attraction ; 
if  we  admit  it  to  exist,  but  assume  that  its  normal  action  is  modified  by  collateral  circum- 
stances—then the  remarks  of  Berthollet  will  generally  hold  good.  This  philosopher 
has  the  merit  of  awakening  attention  to  a  very  large  series  of  facts,  and  has  corrected 
a  dogma  altogether  incompatible  with  the  testimony  of  experiment.  There  can  be  no 
doubt  that,  in  many  cases  of  solution,  the  distribution  of  two  acids  between  one  base 
does  actually  occur,  as  indicated  by  Berthollet.  Thus,  sulphate  of  copper  is  blue,  hydro- 
chlorate  of  copper  green ;  and  if  hydrochloric  acid  be  added  to  a  solution  of  sulphate  of 
copper,  a  green  colour  results ;  yet,  on  evaporation,  hydrochloric  acid  passes  away,  and 
su^hate  of  copper  reappears.  In  this  instance  it  is  scarcely  possible  to  resist  the 
testimony  that  in  the  solution  chloride  of  copper  existed.  This  result,  however,  is  by 
no  means  invariable,  as  will  appear  from  a  consideration  of  the  following  experiment. 
Sulphuric  acid,  and  boracic  acid,  both  redden  litmus  paper ;  but  the  tint  of  redness 
is  so  different  that  it  may  easily  be  recognized.  Now,  if  a  solution  of  borax  be 
decomposed  by  the  addition  of  sulphuric  acid,  and  the  solution  frequently  tested 
during  the  operation,  by  means  of  litmus  paper,  it  will  be  found  that  not  the  slightest 
indication  of  sulphuric  acid  is  recognisable  until  every  particle  of  the  borax  has  been 
deoon^osed.  This  evidence  seems  to  demonstrate  the  existence  of  chemical  attraction 
or  affinity  as  a  self-existing  specific  force ;  otherwise,  there  appears  no  reason  where- 
fore the  soda  of  the  borax  should  not  be  divided  between  the  two  acids.  That  a  base  is 
thus  divided  in  some  cases—in  the  instance,  for  example,  just  cited— where  hydrochloric 
acid  was  supposed  to  be  added  to  a  solution  of  sulphate  of  copper,  is  easily  explicable 
on  the  supposition  that  the  affinities  of  the  two  acids,  under  the  conditions  of  the 
experiment,  were  equally  balanced. 

The  doctrine  of  Berthollet,  maintained  with  all  the  powerful  argumentation  of  that 
hi|^y-gifted  philosopher,  would,  if  establiahed,  have  shattered  the  structure  of  Che- 
mistry to  its  base.  The  progress  of  investigation  has  satisfied  chemists  that  a  specific 
force  of  attraction  of  affinity  does  exist;  and  to  this  extent  the  theory  of  Berthollet  is 
incorrect.  It  has  also  satisfied  them  that  so  many  extraneous  causes  are  in  operation 
to  modify  the  order  of  decomposition,  that  no  certain  knowledge  of  the  power  of 
affinity  existing  between  bodies  can  be  deduced  from  any  one  order  of  decomposition. 
The  causes  which  modify  the  action  of  affinity  will  be  discussed  in  the  following  section. 

Simple  decompositions  may  be  expressed  also  by  another  form,  contcW^  V; 
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BoK^gman.    Tbm  lib*  f<^iowiiig  £fhem»  illustrates  tiie  deooBpttsMion^f  iiydrooUMVte 
♦f wftgiKwia  1^  potMsa c-^  .  ...^.^ 

Hjidfftteihiorate  of  Potsasa. 

I  Hydrochloric  jacld.  Fota^sa. 

Waiter  «|;  ^0\ 
Magnesia. 

.  Magnesia. 

If  ke  o^glnal  compeund  (hydrochlorate  of  magneda)  is  placed  oh  the  -outside  ftsd  te  the 
left  of  the  vertical  bracket.  The  included  space  contaiifis  the  ori^al  pruiciples  of  the 
compound,  and  also  ihe  body  which  is  added  to  produce  deeempositidii.  Abore  and 
below  the  horizontal  lines  as'e  plaeed  the  new  results  of  their  aetiosi.  The  point  of  the 
lower  horizontal  line  being  turned  downwards,  denotes  that  the  magnesia  falls  down,  er  is 
precipitated ;  and  the  upper  line,  being  perfectly  straight,  shows -that  the  hydrochlorate 
of  potassa  remains  in  solution.  If  both  the  bodies  hcwi  remained  in  sidution,  they 
would  both  have  been  placed  above  the  upper  line ;  or,  if  beth  had  been  precipitated, 
beneadi  the  lower  one.  If  eitber  one  or  both  had  escaped  in  «  volatile  -form,  4ids 
would  have  been  expressed  by  placing  the  volatilized  substance  above  the  diagram,  and 
fuming  upwards  liie  middle  of  the  upper  horizontal  line.  And  since  decompoaitioBS 
vary  tinder  different  circumstances,  it  4s  necessary  to  denote,  by  the  proper  ciddition  to 
the  seheme,  liiat  the  bodies  are  dissolved  in  water  of  the  temperature  of  69'. 

The  decomposdtion  may  be  still  more  effectually  represented  by  the  following 
tirangement  of  diagram,  which  is  that  now  most  usually  adopted : — 

Potasea   ^  Hydioohlocate  of  potaawu 

Hydpochlprate  of  Jilagnesia  (  j^^^^  ^^ 


^0  idxeauoal  faets  ican  a{^ar«  on  £a:at  view,  -nwre  simple  or  intelligible  t^m 
which  fUDB  lezplaicked  by  the  operation  of  ai&gle  elective  affinity.  It  wUl  be  dfonnd, 
Jbower^r,  en  -a  more  mi&ute  cxamJAation,  that  this  ibrce,  jahatractedly  oonsMleied,  is 
0>nly  oiM  of  sevesal  causes  which  Are  concejned  in  chemical  deoompositioiis,  and  that 
its  arotkm  is -modifiod,  eixd  BQmetimeseveiL«sabverted,  by  eousteraoting forces. 


OF  THE  CAUSES  WHICH  MODIFY  THE  ACHOK  OF  CHEMICM. 
AFFINITY. 

Thp  ordcir  of  deoomppsition  is  not,  as  jnight  be  inferred  j[roja  the  law  of  elcKiitN^c 
sffi^ity,  invariable ;  bul^  in  certain  case^  njay  even  be  reversed.  Thu^  thou^  A  xnny 
attract  B  more  strongly  than  either  A  or  B  is  atlaracted  by  C,  yet,  under  some  jcircum- 
ataaces,  C  may  be  omployed  to  decompose  partially  the  compound  A  B.  Again,  if  we 
ims  together  A,  B,  and  C,  using  the  two  first  in  the  proportions  required  to  neutralize 
each  other,  it  will  be  found  in  some  cases  that  A  and  B  have  not  combined  to  the 
ejidusion  .of  C,  but  that  we  have  a  compound  of  B  with  A,  and  another  of  B  with  C,  in 
proportions  regulated  by  the  quantities  of  A  and  C  which  have  been  employed.     Facts 
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«f  this  land  luive  been  loingkMW&  to  oliemkts.    It  had  been  aeoertained,  for  emrtfito,  j 
before  the  timo  of  Bergman,  that  sulphato  of  potasso,  a  salt  composed  of  sulphuric  «aid  < 
aad^otaasa,  is  partly  decomposed  by  nitric  acid,  although  the  nitzio  haa  a  weaker  • 
affinity  than  fhe  sulphuiio  add  for  that  alkali.    Examples  of  the  same  kind  have  aiaoe 
been  multiplied  by  Berthollet,  who  aaeerts  that  in  the  ic^owing,  as  well  as  in  otbar  ' 
cans,  the  body  first  mentioned,  in  each  line,  decomposes  a  compound  of  tibo  aecond 
and  third,  although  its  attraotion  for  the  socond  is  inferior  to  that  of  the  thud  for  the 
lecond.  i 

1.  Potassa  Boparates  suljihuric  aoid  from  baryta. 

j  2.  lime  separates  sulphuric  acid  from  potassa. 

'  3.  Potassa  separates  oxalic  acid  from  llipc. 

I  4.  l^itiic  aoid  separates  lime  from  oxalic  aoid.  i 

I  6.  Potassa  separates  phosphoric  acid  from  lime. 

j  6.  Potassa  separates  carbonic  acid  from  lime. 

.7.  Soda  separates  aulphuxic  aoid  from  potassa. 

These  instances  of  reciprocal  decomposition^  and  a  variety  of  similar  ones,  fixe 
cxplainod)  according  to  the  views  of  Berthollot,  on  the  following  principles : — 

/^il>ti^Cir'if**t^*^  Foxcea. — Wlicn  two  subtstances  ore  opposed  to  each  other  with 
respect  to  a  third,  as  in  the  foregoing  oxamples,  they  may  be  considered  as  antagonist 
foroes ;  and  thoy  share  the  third  body  between  them  in  proportion  to  the  intensity  of 
their  aotion.  But  this  intensity,  according  to  Borthullet,  depends  not  only  on  the 
tturgy  of  ike  affinities^  but  on  the  qttaniitiea  of  the  two  bodies  opposed  to  each  other. 
Hence  a  larger  quantity  of  one  of  the  substances  may  compensate  a  weaker  affinity, 
and  the  revorse.  To  the  absolute  weight  of  a  body,  multiplied  by  the  degree  of  its 
affinity^  he  has  given  the  name  of  mass,  a  term  in  some  degree  objectionable  from  the 
diffiirent  meaning  which  is  affixed  to  it  in  mechanical  philosophy.  As  an  illustration, 
let  UB  suppose  (what  is  not  accurate  in  point  of  fact)  that  the  affinity  of  baryta  for 
hydiDchlonc  acid  is  twice  as  strong  as  that  of  potassa,  or  that  these  affinities  are 
respectively  denoted  by  the  numbers  4  and  2.  In  this  cose  the  some  mass  will  result 
from  4  parts  of  baryta  as  from  8  of  potassa :  because  the  some  product  (10)  is  ob^ined 
in  each  instance,  by  multiplying  the  number  iudicatiug  the  affinity  into  that  denoting 
the  quantity ;  ibr  4  (the  affinity  of  baryta)  multiplied  by  4  (the  quantity  assumed  in 
this  example)  is  equal  to  16 ;  and  2  (the  affinity  of  potassa)  multiplied  by  8  (its  quan- 
tity) is  also  equal  to  16.  In  this  case,  therefore,  to  divide  equally  a  portion  of  hydro- 
chlorio  apid  between  baryta  and  potassa,  these  bodies  should  be  employed  in  the 
proportion  of  2  of  the  former  to  4  of  the  latter. 

The  influence  of  quantity  explains  also  the  difficulty  which,  in  many  instances,  is 
obscrred  in  effecting  the  total  decomposition  of  a  compound  of  two  principles  by  means 
of  a  third.  The  immediate  effect  of  a  third  body  C,  when  added  to  a  compound  A  B, 
is  to  abstract  .from  B  a  portion  of  the  substance  A  ;  and,  consequently,  a  portion  qf  B  is 
set  at  liberty,  the  attraction  of  which  for  A  is  opposed  to  that  of  the  unoombined  part 
of  C.  The  farther  this  decomposition  is  carried,  the  greater  will  be  the  proportion  of  B, 
which  is  hiought  into  on  unoombined  state ;  and  the  more  powerfully  will  B  oppose 
any  fasther  tendency  of  C  to  detach  the  substance  A.  At  a  certain  point,  the  affinities 
of  B  and  C  for  A  wiU  be  exactly  balanced,  and  the  decomposition  wiU  proceed  no 
fjEurth^er.  In  several  cases,  it  is  acknowledged  by  BcrthoUet,  a  third  body  separates  the 
whole  of  one  of  the  .principles  of  a  -compound ;  but  this  he  supposes -to  happen  in  con- 
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fequenoe  of  the  agency  of  other  extraneous  forces,  the  nature  of  which  remains  to  be 
pointed  out. 

OolMsion  ii  a  force,  the  influence  of  irhich  over  the  chemical  union  of  bodies  haB 
already  been  explained  in  a  former  section ;  and  other  illustrations  of  its  interference 
will  be  giTcn,  when  we  consider  the  subject  of  the  limitations  to  chemical  combination. 

Insolubility  is  another  force,  which  essentially  modifies  the  exertion  of  affinity. 
It  is  to  be  considered,  indeed,  merely  as  the  result  of  cohesion,  with  respect  to  the  liquid 
in  which  the  effect  takes  place. 

When  a  soluble  substance  and  an  insoluble  one  are  presented,  at  the  same  time,  to 
a  third,  for  which  they  have  nearly  an  equal  affinity,  the  soluble  body  is  brought  into 
the  sphere  of  action  with  great  advantages  over  its  antagonist.  Its  cohesion  at  the 
outset  is  but  little,  and  by  solution  is  reduced  almost  to  nothing ;  while  that  of  the 
insoluble  body  remains  undiminished.  The  whole  of  the  soluble  substance  also  exerts 
its  affinity  at  once ;  while  a  part  only  of  the  insoluble  one  can  oppose  its  force.  Hence 
the  soluble  substance  may  prevail,  and  may  attach  to  itself  the  greatest  proportion  of 
the  third  body,  oven  though  it  has  a  weaker  affinity  than  the  insoluble  one  to  the 
subject  of  combination. 

Insolubility,  however,  under  certain  circumstances,  is  a  force  which  turns  the 
balance  in  favour  of  the  affinity  of  one  body  when  opposed  to  the  affinity  of  another. 
For  example,  if  to  the  soluble  compound,  sulphate  of  soda,  we  add  baryta,  the  new 
compound,  sulphate  of  baryta,  is  precipitated  the  instant  it  is  formed;  and,  being 
removed  from  the  sphere  of  action,  the  soda  can  exert  no  effect  upon  it  by  its  greater 
quantity  or  mass.  For  the  same  reason,  when  soda  is  added  to  sulphate  of  baiyta,  the 
sulphate  is  protected  from  decomposition  both  by  its  insolubility  and  by  its  cohesion. 

These  fkcts  convinced  BcrthoUet  that  the  order  of  precipitation,  wldch  was  formerly 
assumed  as  the  basis  of  tables  of  affinity,  can  no  longer  be  considered  as  an  accurate 
measure  of  that  force ;  and  that  the  body  which  is  precipitated  may,  in  some  cases,  be 
superior  in  affinity  to  the  one  which  has  caused  precipitation.  In  these  cases,  a  trifling 
superiority  in  affinity  may  be  more  than  counterbalanced  by  the  cohesive  force,  whieh 
eauses  insolubility. 

Qi«at  Spooifle  Qmwity  is  a  force  which  must  concur  with  insolubility  or  cohe- 
aioa  in  originally  impeding  combination ;  and,  when  chemical  union  has  taken  place, 
it  must  come  in  aid  of  affinity,  by  removing  the  new  compound  from  the  sphere  of 
aetkm.  It  is  scarcely  necessary  to  enlarge  upon  the  operation  of  a  force,  the  nature 
of  which  must  be  so  obvious. 

XlasttoHj. — Cohesion,  it  has  already  been  stated,  may  prove  an  impediment  to 
eombination ;  and,  on  the  other  hand,  it  is  possible  that  the  particles  of  bodies  may 
be  separated  so  widely,  as  to  be  removed  out  of  the  sphere  of  their  mutual  attraction. 
Such  appears  to  be  the  iket  with  r^ard  to  a  class  of  bodies  called  airs  or  gases.  The 
bases  of  several  of  these  have  powerfril  attractions  for  the  bases  of  others,  and  for 
varioiis  liquids,  and  yet  they  do  not  combine  on  simple  admixture,  but  strong  mechani- 
cat  pressure  brings  their  particles  sufficiently  near  to  bo  within  the  influence  of  their 
mutual  attraction,  and  combination  then  ensues. 

ikgain,  if  two  bodies,  one  of  which  has  an  elastic  and  the  other  a  fiquid  ferm,  be 
piessnted  at  the  same  time  to  a  sdid.  tor  which  they  have  both  an  afliinity,  tiie  soHd 
will  unite  with  the  liquid  in  prefrrence  to  the  gas.  Or,  if  we  add  to  the  compound  of 
«a  dastie  snbstanee  with  an  inelastic  onev  a  third  body  also  inelastic,  the  two  which 
aie  inalmtie  eoabins^  to  the  exchtsioii  of  the  dastic  body.    For  example,  if  totiie  eom- 
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pound  of  potassa  and  carbonic  acid  we  add  sxilplmrio  acid,  the  lattor  acid,  acting  both 
by  its  affinity  and  its  quantity,  disengages  a  portion  of  carbonic  acid.  This,  by  its 
eiasticity,  is  remoyed  from  the  sphere  of  action,  and  presents  no  obstacle  to  the  fkrther 
operation  of  the  sulphuric  acid.  Hence  elastic  bodies  act  only  by  their  affinity ;  whereat 
liquids  act  both  by  their  affinity  and  quantity  conjoined.  And  though  the  affinity  of 
the  liqnid,  abstractedly  considered,  may  be  inferior  to  the  affinity  of  the  elastic  body, 
yot,  aided  by  quantity,  it  prerails.  In  the  aboye  instances,  the  whole  of  the  elastic 
add  may  be  expelled  by  the  fixed  add ;  whereas,  as  it  has  already  been  obtenred, 
decomposition  is  frequently  incomplete,  if  the  substance  which  is  liberated  remain 
witiiin  the  sphere  of  action. 

The  influence  exercised  by  elastidty  in  modifying  the  play  of  affinity,  may  be 
illustrated  by  restraining  the  elastic  substance  and  not  permitting  its  escape.  Thus,  if 
etibonate  of  lime  be  exposed  to  red  heat,  carbonic  add  escapes  and  lime  remains;  but 
if  the  heating  be  conducted  in  a  close  vessel  under  great  pressure,  then  carbonate  of 
Hme  may  be  frxsed  imchanged.  In  this  way,  the  greater  part,  if  not  all  the  marble 
ensting  in  Nature  has  been  eyidently  formed.  . 

Sfloi««eeiiee  is  a  circumstance  which  occasionally  influences  the  exertion  of 
tlBnity ;  but  this  is  only  of  yery  rare  occurrence.  The  simplest  example  of  it  is  that  of 
Hme,  and  hydrochlorate  of  soda.  When  a  paste  composed  of  these  two  substances,  with 
t  great  excess  of  lime,  is  exposed  to  the  air  in  a  moist  state,  the  lime,  acting  by  its 
quantity,  disengages  soda  from  the  common  salt,  which  appears  in  a  dry  form,  on  the 
outer  8ur&ce  of  the  paste,  united  with  carbonic  acid  absorbed  from  the  atmosphere. 
In  tills  case  the  soda,  which  is  separated,  being  removed  from  contiguity  with  the 
interior  part  of  the  mass,  presents  no  obstade  to  the  &rther  action  of  the  lime,  and 
tiie  decomposition  is  carried  farther  than  it  would  have  been,  had  no  such  removal 
hi^ened. 

Teaapemtiise. — ^The  influence  of  temperature  over  chemical  affinity  is  extremdy 
important ;  but,  at  present,  a  very  general  statement  only  of  its  effect  is  required. 
In  some  cases  an  increased  temperature  acts  in  promoting,  and  at  others  in  impeding, 
chemical  combination ;  it  materially  affects  also  the  order  of  decompodtions. 

An  increased  temperature  promotes  chemical  union  by  diminishing  or  overcoming 
cohenon.  Tlius  metals  unite  by  fridon,  and  several  salts  are  more  soluble  in  hot  than 
in  cold  water.  Whenever  heat  is  an  obstade  to  combination,  it  produces  its  effect  by 
increasing  elastidty.  Hence  water  absorbs  a  less  proportion  of  ammonia  at  a  high 
than  at  a  low  temperature.  A  reduction  of  the  temperature  of  elastic  bodies,  by  lessen- 
ing their  elastidty,  facilitates  their  union  with  other  substances.  In  certain  cases,  an 
increased  temperature  has  theeffect  both  of  diminishing  cohenon  and  increasing  elastidty. 
When  sulphur  is  exposed  to  oxygen  gas,  no  combination  ensues  until  the  sulphur  is 
heated ;  and,  though  the  elasticity  of  the  gas  is  thus  increased,  the  diminution  of 
odiemon  of  the  solid  is  more  than  proportionate,  and  chemical  union  ensues  between 
the  two  bodies. 

Bectzleal  state  of  bodies  has  a  most  important  influence  over  their  chemical 
union.  This,  however,  is  a  subject  which  will  be  treated  at  length  in  a  subsequent 
diiqpter  on  JSeetro^hemietry, 

jffechaiitcal  preMnure  is  another  force  which  has  considerable  influence  over 
diemical  affinity.  With  respect  to  solid  bodies,  its  agency  is  not  frequent ;  but  we  have 
unequivocal  examples  of  its  operation  in  cases  were  detonation  is  produced  by  concus- 
sion.   The  effieots  of  pressure  are  chiefly  manifested  in  producing  the  combination  of 
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n*^t'$$nft*t  »«'.'{**4i  «^.M.4.T  fVff.h  «/j|»^;.>-.,  Wk\u  l»/fA*dii.  or  iriiL  euLotLer;  and  in  pceaerriii^ 
#.'«««r»rii.4  1///.^.  mUtt  tt  |*i»y<-  M:<rfi  n.uK^y  Vttfiifjlf  ixtJUiS  t,izf  witi^hJiffA  tending  lo  diwinitf 
Mii^Mi  i'Atnih,  tt*t  #-.»;*M*|fW ,  tM  u.  t.'Mt»yM.a»4  oi  ilibfe  bud  uri-'ugoic  acid ;  and  these  bodiflB, 
K|r  Mm.  k*iii|«|«i  it|*{f|w kUjii  «#f  wi  inUrfiM:  h<:sit,  arr:  h^.-itarabie  from  each  other;  Lut, under 
nh'tun  ftt !<*>!$ 1 ,  11  Utmi  ffiuy  l«<  ajfjiltcd  fcuflicii:iit  to  uu:it  the  ehalk,  without  ezpeUio^ 

llif.  f  III  li-.Mi-    uri't 

»*.(Hli  ••!<•  i-li'- iu<«kL  iiiiji'iftiuit  v.UiMtnHiMi*:tM  tljat  modify  the  exertion  of  chemical 
•illlMHy  ni  Mil  ii  )fi(Liiiii<:<',  niiniriiTnt  iliufclrutious have  been  given  to  prove,  that  in 
iMi  i.(ia>.  lif  i.iiHil'iiiiiLioii  mill  (l(ii:otii|i'itiitiou  uTi-  wc  to  conaidcr  the  force  of  affinity 
.ili.ilt.H  ii.illy,  lull  nil.  tn  (iik>^  iiM'i  ticioijiil,  tin;  agency  of  othuT  powers,  as  ooheaiaa, 
i|iiiMili<  •, ,  iiidiiliiliilit  V,  I  liiiilitiii) ,  iiWitn.rtvvmu;  und  t<!inp(>raturc.  }iut  wo  cannot  con- 
i.i.il..  i.i  li..iiliiil|i.|  tliul  liii.:!'  ii(i>c.:i:itt-y  i'iin-.(!.H  ore,  of  UiemtR'lvoe,  sufficient  to  cj^dain 
iill  ilii-  iilii.iMiiiii'iiu  111  uliii-li  111-  iiiio  a|i|ilu:il  tJtuui ;  fur  no  one  can  doubt  that  chemical 

i|ii. I Miniid  mill  riiiiiliiiiiiiiiiiifi  iiir,  in  ii  }<a'iit  inajui'ity  of  coscs,  produced indepcBr 

ili.itiU  >■{  iliii.ii.  till  I  p-^  Hi  v  liiirti',  iiiiil  urr  dill'  lullic  diHVivut  di'^n^ees  of  aliinity  inherent 
ill  I  til  li.  (.  i>i.  .  Ill  Mill  iiiiiiiili-.-i  111'  I  KM  III-..  Still  Ii>8s  run  the  principles  of  BcilhoUet  be 
•iitiii(ii..il,  i.iiiiiiiiiiii  iill  lilt-  uiii(iiiiiiit\  iif  |ii\)|)i)rLioiis  in  wliii'li  bodies  combine ;  for 
litaiili'i  iii.K  iliii  I  itit>Hi  uiiiy.uiil  1.1  iiut«li'i|uali'  to  till'  rtlWt,  wo  iind  in  the  atomic  .theoiy 
•I  Cii  iii.iin  Bill  I.I  I  III  i(i  II  y  rxpliiiiiifiiMi  of  ilu>  uiiitui  of  biulios  in  doiinitc  and  in  multiple 
pio|i..uu>iu-  Iti.kt  ilu-  (lii'iii)  \t(  liriihollit  is  of  lumh  utoiv  liiuitotl  application  than 
\w  -Jiii'ii.-.i.  il,  \i  ill  itptuMi  itl.-»i  luuu  tUc  follow  iit:;  rousiiU'i'utioiu^. 

I  h  It. 1.1  Kou  iliowii  li>  rioU'<svu-  rt'atf,  of  Kirll  ^77  Ann.  do  Chim.  p.  259], 
iU.ii,  (u  ^.iitiMu  ,M.,a,  w  li««i\-  two  «u  ul:<  utv  bivu^Ut  iitio  ooiuuct  with  ono  base,  thebaau 
luuuM  w  i.U  .Mti<  .w\\{,  lo  fU\*  \-\Mi4Ut*to  ^  xolu^iou  %>f  the  other.  W'hon,  for  example,  to  a 
.;i\i  »\  w  .'!>.  lu  x'l  liuio,  ()i(.uuuu^o(  Milp!iuri\-  ami  t.u^carii'  tioia^  azv  added,  either  of  whidh 
w.M.M  .  N  !,  "n  u.iMi.i':  »'  i!^'  ::i!:,\  i!:.'  >ul:'l-u: :.■  .u  Id  i::i::o>  wi:h  i::c  I:!:ie  to  the  entire 
»  wliiti*'-.*  oi  I'l.  i.u:  uu-  Si'.'.ij.,ii  *\  uu'iuo  o.t"  ,i  >;:■♦»  ::.»r  jiUuity  of  the  sulphuric  acid, 
o%M  i"-  w.  o.  ilu-  o.\.»li».  » .  ol'iaiiuv.  l'>  jC.u:i:^»;  uuci'  uiixU  v^ cviiti^t  » i;li  a<muehoxidc 
At  i.^.i  I  woi:l,:  i.\u-.'.,\  a:.-.iiu(o  \;:i:.':  of  il;«'*.t:  Now«  '".  thk^*  in>:ASA.'«:««  and  in  a 
..  '  ■  \  »\.  o.U.'i-t  »v.  •,».'  v*?;-./  *x;:u-.  w.  .v*u'./:  .v/I..:"  :>..-  i'i',-.;  by  i!ie  exiraneQiu 
ixMw    »••   .»■"!. vium:.    \»  t».u '.  .  ♦;„:<i:\i;    :.v.i:    i-U"    .^'-;'.Vv-    .1    :Uf."l-*--"u.:y.   »  ^r.Mitr  in  thc 
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pQte88%.coiop(Me8  a  new  salt,  condatiog  of  sulphate  of  potassa  with  an  additional  pro- 
portion of  sulphtiTic  acid. 

4.  It  ifl  a  strong  objection  to  the  theory  of  Berthollet  that,  in  some  cases, 
decompositions  happen,  which,  according  to  his  views,  ought  not  to  take  place ;  and 
tiiat  in  othecs  decompositions  do  not  ensue,  which  the  theory  would  have  led  us  to  have 
sntidpated. 

5.  The  theory  is  objectionable,  inasmuch  as,  in  several  instances,  forces  are 
supposed  to  operate,  before  the  bodies  exist  to  which  those  forces  arc  attributed.  It  i^^ 
inconceivable,  for  instance,  that  the  cohesion,  or  insolubility,  of  sulphate  of  baryta,  can 
have  any  share  in  producing  the  decomposition  of  sulphate  of  potassa  by  that  earth ; 
fat  the  insolubility  of  sulphate  of  baryta  can  have  no  agency  till  that  compound  is 
tamed,  which  is  the  very  effect  to  be  explained. 

JS^otwithstanding  these  objections  to  tilie  theory  of  Berthollet,  when  xiarried  so  far  as 
has  beegu  done  by  its  author,  in  the  explanation  ^f  chemical  phenomena,  it  must  still  be 
admitted  that  the  extraneous  forces,  pointed  out  by  that  acute  philosopher,  have  some  , 
infljience  in  modifyiqg  the  effects  of  chemical  affinity.  But  these  forces  are  cntiUcd 
only  to  he  considered  as  secondary  causes,  and  not  as  determining  combinations  or 
dmoanpoaitions,  nor  as  regulating  the  proportions  in  which  bodies  unite,  indei>endcnUy  ! 
of  the  superior  force  of  chemical  affinity.  j 

Foxoes  qC  AjBBiMity.— The  affinities  of  one  body  for  a  number  of  others  are  not    '. 
all  pf  the  same  degree  of  f jrce.     This  is  all  tliat  the  present  state  of  our  knowledge    , 
authorises  us  to  affirm ;  for  we  are  ignorant  /tow  much  the  affinity  of  one  body  for 
another  ia  superior  to  that  of  a  third.      The  determination  of  tho  precise  forces  of 
affinity  would  bo  an  important   step  in   chemical  philosoi)hy:   for  its  phenomena    . 
might  then  be  reduced  to  calculation ;  and  we  should  be  enabled  to  anticipate  the 
results  of  experiment.     That  the  force  of  chemical  affinity  must  be  prodigiously 
great,  is  evident  fixmi  its  effect  in  preserving  the  combination  of  water  with  some    ! 
bodies  (the  alkaUee  for  instance)  when  exposed  to  a  viol^it  heat,  notwithstanding 
its  'great  eig^anaive  iiXjNie,  and  though  water  is  not  essential  to  the  constitution  of   i 
those  bodies.  | 

The  observed  order  of  decomposition,  it  has  already  been  stated,  does  not  enable  us  | 
to  assign  the  order  of  the  forces  of  affinity ;  because,  in  many  decompositions,  exti-a-  ! 
aeodis  ibrpes  are  cgncemod.  Other  methods  of  determining  the  problem  have  therefore  . 
frftwi  >ttflinixtfld. 

When  tiie  surface  of  one  body  is  brought  into  contact  with  another  surface  of  the 
auae  kind,  as  when  the  smooth  sur£ices  of  a  divided  leaden  bullet  are  pressed  together, 
they  adhere  by  the  force  of  cohesion,  their  particles  bciog  aU  of  the  same  kind.    Bui 
whe^  the  sur&ces  of  diffecent  bodies  are  thus  brought  into  apparent  contact,  it  seemed    ; 
to  QuyioD.  reasonable  to  suppose  that  their  adhesion  arose  from  chemical  affinity,    ; 
Jbeoaiue  their  particles  wece  of  different  kinds.  He  proposed,  therefore,  the  comparative    | 
Jfarpe,  with  which  different  surfaces  adhere,  as  a  measure  of  chemioal  affinity.    His    I 
eM^enmeota  were  made  on.  plates  of  different  metals,  of  precisely  the  same  size  and    , 
jEbrm,  suspended  by  their  centres  from  the  arm  of  a  sensible  balance.     The  lower 
mafiiBea  of  these  plates  were  successively  brought   into    contact  with    mercury,    ■■ 
whidi  was  changed  fpr  each  experiment,  and  the  weight  was  observed,  which  it    I 
was  necessary  to  add  to  the  opposite  scale,  in  order  to  detach  the  several  metals.    I 
Those  which    required  the   largest  weight   were    inferred  to    have    the    greatest    I 
afiiBity;   and  it  is  remarkable  that  the  order  of  affinities,  as  determined  in  this    [ 
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way,  correspond  with  the  affinities  as  ascertained  by  other  methods.    The  following 
were  the  results : — 


Gold  adhered  to  mercury 

with  a  force  of 
Silver  . 
Tin       . 
Lead    . 
Bismuth 


Zinc 
446  grains.     Copper  . 
429  Antimony 

418  Iron      . 

397  i  Cobalt  . 

372     - 


204  grains. 
142 

126         ,^ 
116 
8 


This  method,  it  must  be  obvious,  is  of  too  limited  application  to  be  of  much  utility ; 
for  few  bodies  have  the  mechanical  conditions  which  enable  us  to  subject  them  to  such 
a  test.  How,  for  example,  could  the  affinities  of  acids  for  alkalies  be  fexamined  on  this 
principle  ?  It  may  bo  doubted  also,  whether,  in  the  cases  to  which  it  may  be  applied, 
it  does  not  measure  facility  of  combination  rather  than  the  actual  strength  of  affinity. 

To  determine  accurately  the  relative  forces  of  affinity  which  a  body  (A)  of  one  class 

exerts  towards  a  number  of  others  (X  Y  Z)  of  a  diflferent  class,  and  to  express  them  by 

numbers,  Mr.  Kirwan  proposed  the  quantities  of  the  latter  which  are  required  to 

produce  neutralization.    "With  this  view,  he  made  numerous  experiments ;  but  as  their 

results  have  been  shown  to  be  inaccurate,  I  shall  employ,  in  explaining  the  principle  of 

his  method,  the  more  correct  numbers  which  have  been  since  ascertained  by  other 

chemists. 

40  Parts  of  48  Parts  of 

SxTLPHuaio  Acid  Potassa 

require  for  Neutralization  require 

^ -^ — ^ 

54  parts  of  nitric  acid. 

44    ^*     of  carbonic  acid. 

40     "      of  sulphuric  acid. 

36    *^     of  hydrochloric  acid. 


In  judging  of  the  affinities  of  the  same  acid  for  different  bases,  Mr.  Kirwan  assumed 
that  they  arc  represented  by  the  numbers  indicating  the  quantities  of  each  base  required 
for  neutralization.  Thus,  because  40  parts  of  sulphuric  acid  neutralize  76  of  baryta 
and  48  of  potassa,  he  concluded  the  affinity  of  the  former  to  that  of  the  latter  to  be  in 
the  proportion  of  76  to  48.  So  far  the  inference  corresponds  with  the  order  of  decom- 
position*; baryta,  for  example,  takes  sulphuric  acid  from  potassa.  But  even  in  this 
case,  we  are  not  entitled  to  conclude  that  these  numbers  express  accurately  the  relative 
affinities  of  different  bases  for  the  same  acid.  And  if  we  apply  the  rule  to  the  numbers 
in  the  second  column,  we  shall  find  it  to  fail  entirely;  for  both  nitric  and  carbonic  acids 
are  separated  from  potassa  by  sulphuric  acid,  although  the  capacity  of  saturation  in  the 
latter  is  expressed  by  the  lowest  number.  Mr.  Kirwan  was,  therefore,  driven  to  the 
necessity  of  establishing  a  precisely  opposite  rule  in  determining  the  affinities  of 
different  acids  for  the  same  base,  and  of  assuming  that  they  are  inversely  proportionate 
to  the  quantities  of  the  saturating  acid.  Thus  the  affinity  of  nitric  acid  for  potassa 
would  be  represented  by  40,  and  that  of  sulphuric  acid  by  64.  This,  however,  involves 
a  contradiction ;  since  it  is  implied  that  in  one  set  of  cases  a  greater  quantity  of  the 


76  parts  of  baryta. 
62     "      ofstrontia. 

48 
32 

of  potassa. 
of  soda. 

28 

of  lime. 

20 

17 

of  magnesia, 
of  ammonia. 
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saturatiiig  principle  indicates  a  stronger  affinity,  and  that  in  the  other  a  less  quantity 
implies  a  stronger  affinity. 

Since  neutralization  is  an  effect  of  chemical  affinity,  which  must  in  all  cases  bear  a 
proportion  to  its  cause,  it  was  argued  by  BerthoUet  that  the  substance  which,  in  the 
maUeat  quantity^  neutralizes  another,  is  tiie  one  possessing  the  greatest  affinity.  Thus, 
because  17  parts  of  ammonia  go  as  far  in  neutralizing  a  give^  weight  of  any  acid  as  78 
of  baryta,  he  concluded  that  the  relative  affinities  of  ammonia  and  baryta  for  acids  are 
inversely  as  those  numbers.  That  ammonia  is  expcUod  from  all  acids  by  baryta,  he 
explains  by  the  action  of  an  extraneous  force  (elasticity)  which  exists  in  ammonia,  and 
turns  the  balance  in  favour  of  the  fixed  bases.  But  this  explanation  is  liable  to  an 
obvious  objection ;  for,  as  the  elasticity  of  ammonia  is  suppressed  by  combination  with 
sulphuric  acid,  what  (it  may  be  asked)  but  a  stronger  affinity  for  that  acid,  existing  in 
aU  the  substances  standing  above  ammonia  in  the  Table,  can  determine  the  first  com- 
mencement of  decomposition  ? 

It  is  sufficient  to  have  given  this  brief  view  of  the  methods  employed  to  express 
namericaUy  the  forces  of  affinities,  to  show  that  the  problem  has  not  yet  been  solved ; 
that  they  cannot  be  appreciated  by  the  adhesion  of  surfaces ;  and  that  they  arc  not 
denoted  by  those  equivalent  numbers,  or  atomic  weights,  that  have  been  deduced  from 
the  proportions  in  which  bodies  combine. 

Of  Complex  Aflinity.— Under  the  more  general  name  of  complex  affinity^  Ber- 
thoUet includes  all  those  cases  of  decomposition  which  have  hitherto  been  considered  as 
produced  by  the  action  of  four  affinities,  commonly  denominated  doiibU  eUetive  affinity. 
It  frequently  happens  that  the  compound  of  two  bodies  cannot  be  destroyed  either  by  a 
third  or  a  fourth  separately  applied ;  but  if  the  third  and  fourth  be  combined,  and 
placed  in  contact  with  the  former  compound,  a  decomposition  or  exchange  of  principles 
will  ensue.  Thus,  when  lime  water  is  added  to  a  solution  of  the  sulphate  of  soda,'no 
decomposition  happens,  because  the  sulphuric  acid  attracts  soda  more  strongly  than  it 
attracts  lime.  If  nitric  acid  be  applied  to  the  same  compound,  its  principles  remain 
undisturbed,  because  the  sulphuric  acid  attracts  soda  more  strongly  than  the  nitric. 
But  if  the  lime  and  nitric  acid,  previously  combined,  be  mixed  with  the  sulphate  of 
soda,  a  double  decomposition  is  effected.  The  lime,  quitting  the  nitric  acid,  unites 
with  the  sulphuric ;  and  the  soda,  being  separated  from  the  sulphuric  acid,  combines 
with  the  nitric.  These  decompositions  are  rendered  more  intelligible  by  the  following 
kind  of  diagram,  suggested  by  Bergman,  the  form  of  which  may  be  readily  modified,  so 
as  to  adapt  it  to  more  complicated  cases.  A  more  convenient  method,  however,  of  indi- 
cating chemical  decompositions  is  the  one  given  at  pag^  30. 

Nitrate  of  Soda  86 

r 


Sulphate  of 
Soda  72 


Sulphuric  acid  40  Nitric  acid  54 


Soda  32  Lime  28 


Nitrate  of 
Lime  82 


i/ 


Sulphate  of  Lime  68 

On  the  outside  of  the  vertical  brackets  are  placed  the  original  compounds ;  and 
above  and  below  the  diagram,  the  new  compounds.    The  upper  line,  being  straight, 
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indicstet  tluit  the  nitrate  of  soda  remazxiB  in  eolation ;  and  the  mi^Me  of  the  lo^f«rfiM^ 
being  directed  downwards,  that  the  sulphate  of  lime  is  precipitated. 

The  itgorea,  which  fotm  part  of  the  diagram,  are  the  eqairalent  numbtiw  of  1^5  U 
original  and  newly-formed  compoimds,  as  well  as  of  their  proximate  eleiaeabg,  Hhtttg  y 
hy  mingling  72  parts  of  sni^hate  of  soda,  consisting  of  32  Bodk  and  40  aulplhiiic  W^ 
with  82  of  nitrate  of  fimc,  :^  54  nitric  acid  and  ^  lime,  the  prodncts  are  08  of  ivUpkm 
of  Rme  (2S  base  -f  40  acid),  and  86  nitrate  of  soda  (32  base  +  54  acid).  Wheff-ft* 
original  compounds  are,  as  in  this  instance,  perfectly  nentral,  the  new  products  iriUt  1v 
fbnnd  eqnally  so.  This  general  fact,  first  noticed  by  Wenzel,  is  a  conseqileiKie  of  tkff 
lAvr  of  combination  in  definite  proportions ;  for,  tender  all  circnmstances,  equivalent 
quantities  of  acids  and  bases,  whether  directly  united  or  mutually  transfem^  fis  foe  tite 
abore  instance,  must  exactly  neutralize  each  other. 

.  Soda  32  *  7- Nitrate  of  sodi^  86 

Su^hat«ofsodft72| 

^  Sulphurie  aei4  40 


Nitrate  of  lime  82  J 


Nitric  acid  54 


t  Lime  28  Jv^  Sulphate  of  lune  v  ^^ 


To  the  affiuties  tending  to  produce  decomposition  Mr.  Kirwan  gave  the  naai^  of 
diveUmt  affinUkay  and  to  those  preserving  the  original  compounds  that  of  qmeHMi 
a:ffinitle8.  These  he  attempted  to  express  by  numbers,  so  chosen  as  to  enable  him  te* 
anticipate  the  results  of  experiment.  It  is  sufficient  to  observe,  that,  for  reasons  ItMeh 
I  have  already  stated,  this  attempt  entirely  failed.  "We  may  still,  however,  retaiB  tiia 
expressions  divtUent  and  quiescent,  as  a  convenient  mode  of  speaking  of  a  certain  eks» 
of  chemical  decompositions.  Oyer  these  phenomena,  the  extraneous  causes,  poistod 
out  by  Berthollet,  appear  also  to  have  considerable  influence.  That  of  qmfUil§i» 
shown  by  tho  fact,  that  if  two  salts  be  mixed  together  in  certain  proportions,  decom^ 
sition  will  ensue ;  but  not  if  mixed  in  other  proportions.  Thus,  from  the  minted 
solutions  of  two  parts  of  hydrochlorate  of  limo  and  one  of  nitrate  of  potassa,  we  obiain 
hydrochlorate  of  potassa ;  but  not  £rom  equal  weights  of  the  two  salts.  InsoIubiHty,  off 
precipitation,  has  also  a  considerable  influence  on  the  result.  When  this  occurs,,  te 
influenco  of  quaatity  is  destroyed,  as  in  the  case  of  sulphate  of  potassa  and  hydroddosata 
of  baryta.  Elasticity,  and  an  increased  temperature  (which  operates  by  iseseasiBg 
elasticity),  and  the  reverse  of  this,  or  a  greatly  diminished  temperature,  have  also  a 
powerful  influence  in  promoting  the  action  of  complex  affinities.  Thus  of  four  principles, 
two  of  which  are  volatile  and  two  fixed,  tho  two  which  are  volatile  will  bo  most  dis- 
posed to  unite  together  at  a  high  temperature,  even  though,  under  other  circumstances, 
they  may  tal^  a  diflerent  order  of  arrangement.  Thus,  at  common  temperatores,  car- 
bonate of  ammonia  decomposes  sulphate  of  lime ;  but  if  a  mixture  of  sulphate  of 
ammonia  and  carbonate  of  limo  be  heated,  we  obtain  carbonate  of  ammonia  and  sulphate 
of  limo.  The  nature  of  tho  fluid,  in  which  salts  are  dissolved,  has  also  an  important 
influence  on  their  tendency  to  mutual  decomposition  (Ann.  do  Chim.  ct  de  Fhys. 
iv.  366). 

Othw  exceptions  to  the  laws  of  aftnity,  alfectiiig  doc^lo^  as  well  ae:  sim^  decompo- 
sitioMr,  hare  b«en  olaswd  together  tsiider  th€»  ncaie  of  r^eif^nml  trfMfp,    They  oceitf 
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ty  itt  €he  MulKMl  action  of  soltittle  carbonates  and  insoraBliT  saltti  on  each  otto,  and 
jnited  to  those  cases  in  which  an  insoluble  compound  is  one  of  the  prodnets.  For 
^le,  ctAaiuM'6i  potassa  and  sulphate  of  haxyti,  in  qtutttitie*  denoted  hy  their 
To  ntoftWs,  -vrhen  long  Boiled  together  with  water,  form  cax%oii«t0  ot  baryta;  and 
Ate  of  potassa.    Thus, 

f  Potassa  48  7  Sulphate  of  potassa  S8 

( 


Sulphate  of  baryta  1 16  < 


^  Carb<»ic  acid  22 


.  Snlphiirxe  acid  40^ 
t  Baryta  76 


Carbonate  of  Iwryta  99 


ut  if  we  rey^rse  the  experiment,  and  digest  together  eqmiyalenjt  quantities  of 
late^  of  potassa  and  carbonate  of  baryta,  we  haTO  still  a  mutual  exchange  of  acids 
Msesy  as  follows  :•— 

(Baryta  76 ^Sulphate  of  baryta  116 
Carbonic  acid  22 , 


Sulphate  of  potassa  t 


f  Sulphuric  acid  40 


^  Potassa  48 


Carbonate  of  potassa  70 


^ow,  the  results  of  the  latter  experitbent  would  appear,  on  first  yiew,  quite  incon- 
it  witib  the  order  of  affinities  established  by  the  fonner.  But  when  the  facts  are 
ly  examined,  it  will  be  fonnd  that  in  neither  case  is  the  exchange  of  principles 
lete ;  for  in  both  the  decomposition  ceases  as  soon  as  the  newly-fetmed  compounds 
acquired  a  certaki  proportion  to  the  original  ones  and  to  each  other.  In  the  case 
lited  by  the  first  diagram,  tho  alkalme  energy  of  the  soluble  carbonate  gradually 
oes  tess  as  its  qpiantity  diminiBhes,  and  as  the  sohition  approaches  nearer  and 
T  to  neutralization.  In  the  second  case,,  the  dccomiposition  cannot  be  carried 
id  that  point  at  which  the  carbonate  of  baryta-  and  sulj^urte  of  potassa,  remaining 
composed,  are  in  certain  proportions  to  each  other.  These  facts  have  been  care- 
iavestigated  and  ingeniotisly  explained  by  Ddbong,  at  greater  length  than  would 
BBiatent  with  the  objects  of  this  work.  I  rtjfi»,  therefore,  to  his  M«moir  in  the 
▼ol.  of  the  Annales  de  Chimie,  which  has  been  translated  into  the  8^ih  and  36th 
)f  Nicholson's  Svo  Joiimal,  and  published  in  a»  abridged  form  inth»41st  vol.  of 
■Ihilosophicid  Magazine. 

EagPeitei«iit«lIlIii8fcnttlo]l8v— For  thelse  expeiimeata,  a  few  wine-^;la8ses^  or, 
eferesee,  deep  ale-^glasses^  wiU  bo  required;  and  »iloreii«e  flai^  for  performing 
iiotiena, 

.  8ome  bodies  appear  to  have  no  affinity  for  each  other. — Oil  aad  wat«r,  mercury  and 
^r  ^  powdered  chalk  and  water,  when  shaken  together  in  a>  vial,  dc^  not  combuie, 
0M  wcter  always  rising  to  the  sudbce,  and  the  mercury  or  chalk  sinking  to  the 


L  ifaiiwy/iJ^  of  ehmieal  q/kuiyf  mSiU  moH  timfU  tjH^ff  vk^  aoMon^Bapt'  or 
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common  salt  disappears  or  dissolves  in  water ;  chalk  in  dilute  hydrochloric  acid.  Sugar 
and  salt  are  therefore  said  to  be  soluble  in  water,  and  chalk  in  hydrochloric  acid.  The 
liquid,  in  which  the  solid  disappears,  is  termed  a  solvent  or  menstruum.  Chalk  or  sand, 
on  the  contrary,  when  mixed  with  water  by  agitation,  always  subsides  again.  Hence 
they  are  said  to  be  insoluble. 

III.  Influence  of  mechanical  division  in  protnoting  the  action  of  chetnieal  affinity,  or  in 
favouring  solution. — Lumps  of  chalk  or  marble  dissolve  much  more  slowly  in  dilute  hydro- 
chloric acid  than  equal  weights  of  the  same  bodies  in  powder.  Hydrochlorateof  lime,  or 
nitrate  of  ammonia,  cast,  after  liquefaction  by  heat,  into  the  shape  of  a  solid  sphere,  is 
very  slowly  dissolved ;  but  with  great  rapidity  when  in  the  state  of  a  powder  or  of  crystals. 
When  a  lump  of  the  Derbyshire  spar  (fluoride  of  calcium)  is  immersed  in  concentrated 
sulphuric  acid,  scarcely  any  action  of  the  two  substances  on  each  other  takes  place ; 
but  if  the  stone  be  finely  pulverized,  and  then  mingled  with  the  acid,  a  violent  action  is 
manifested,  by  the  copious  escape  of  vapours  of  hydrofluoric  acid.  In  the  common  arts 
of  life,  the  rasping  and  grinding  of  wood  and  other  substances  are  familiar  examples. 

rV.  Hot  liquids,  generally  speaking,  are  more  powerful  solvents  than  cold  ones. — ^To 
four  ounce-measures  of  water,  at  the  temperature  of  the  atmosphere,  add  three  ounces 
of  sulphate  of  soda  in  powder.  Only  part  of  the  salt  will  be  dissolved,  even  after  being 
agitated  some  time.  Apply  heat,  and  the  whole  of  the  salt  will  disappear.  When  the 
liquor  cools,  a  portion  of  salt  will  separate  again  in  a  regular  form,  or  in  crystals.  This 
last  appearance  affords  an  instance  of  crystallization. 

To  this  law,  however,  there  are  several  exceptions ;  for  many  salts,  among  which 
is  chloride  of  sodium,  or  common  salt,  are  equally,  or  almost  equally,  soluble  in  cold 
as  in  hot  water.  Hence,  a  hot  and  saturated  solution  of  chloride  of  sodium  does  not, 
like  the  sulphate,  deposit  crystals  on  cooling.  To  obtain  crystals  of  the  chloride,  and 
of  other  salts  which  observe  a  similar  law  as  to  solubility,  it  is  necessary  to  evaporate 
a  portion  of  the  water ;  and  the  salt  will  then  be  deposited,  even  while  the  liquor 
remains  hot.  In  general,  the  more  slow  the  codling,  or  evaporation,  of  saline  solutions, 
the*  larger  and  more  regular  are  the  crystals. 

V.  A  very  minute  division  of  bodies  is  effected  by  solution. — Dissolve  two  grains  of 
sulphate  of  iron  in  a  quart  of  water,  and  add  a  few  drops  of  this  solution  to  a  wine- 
glassful  of  water,  into  which  a  few  drops  of  tincture  of  galls  have  been  stirred.  The 
dilute  infusion  of  grails  wiU  speedily  assume  a  purplish  hue.  This  shows  that  every 
drop  of  the  quart  of  water,  in  which  the  sulphate  of  iron  was  dissolved,  contains  a 
notable  portion  of  the  salt. 

y  I.  Some  bodies  dissolve  much  more  readily  and  copiously  than  others. — ^Thus,  an  ounce- 
measure  of  distilled  water  will  dissolve  half  its  weight  of  sulphate  of  ammonia,  one- 
third  its  weight  of  sulphate  of  soda,  one-sixteenth  of  sulphate  of  potassa,  and  only 
one  five-hundredth  its  weight  of  sulphate  of  lime. 

YII.  Mechanical  agitation  facilitates  solution.— lnUi  a  wine>glassful  of  water,  tinged 
blue,  with  the  infusion  of  litmus,  let  fall  a  small  lump  of  solid  tartaric  acid.  The  acid, 
if  left  at  rest,  even  during  some  hours,  will  only  change  to  red  that  portion  of  the 
infusion  which  is  in  immediate  contact  with  it.  Stir  the  liquor,  and  the  whole  will 
immediately  become  red. 

Till.  Bodies  domat  aeion  each  other,  unless  either  one  or  both  be  in  a  state  efsoitUion, 
or  at  ieast  contain  vfater. — 1.  Mix  some  dry  tartaric  acid  with  dry  bi-carbonate  of  soda, 
and  grind  them  together  in  a  mortar.  No  combination  wiU  ensue  till  water  is  added,; 
whioh,  acting  the  part  of  a  solvent,  promotes  the  union  of  the  acid  and  alkali,  as 
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appears  from  a  yiolent  offervesocnce.  It  lias  boon  shown  by  Link,  that  tho  water  of 
eryitallisaiion,  exUting  in  certain  salts,  acts  as  free  water  in  occasioning  chemioal 
action.  For  example,  acetate  of  lead  and  sulphate  of  copper,  both  in  crystals,  be- 
come green  when  triturated  together,  a  proof  of  the  mutual  decomposition  of  tliose 
two  salts. 

2.  Spread  thinly,  on  a  piece  of  tinfoil,  three  or  four  inches  square,  some  dry  nitrate 
of  copper,*  and  wrap  it  up.  No  effect  will  follow.  Unfold  the  tinfoil,  and,  having 
spdnlded  the  nitrate  of  copper  with  the  smallest  possible  quantity  of  water,  wrap  the 
tinfixil  np  again  as  quickly  as  possible,  pressing  down  the  edges  closely.  Considerable 
heat,  attended  with  fumes,  will  now  be  excited ;  and,  if  the  experiment  has  been 
dexterously  managed,  even  light  will  be  eyolTod.  This  shows  that  nitrate  of  copper 
has  no  action  on  tin,  unless  in  a  state  of  solution. 

IX.  Bodies^  even  when  in  a  ttate  of  eolutiony  do  not  act  on  each  other  at  perceptible 
HeUmcee  ;  in  other  words,  contiguity  is  essential  to  tho  action  of  chemical  ^afiSnity.^ 
IhiUy  irhen  two  fluids  of  different  specific  gravities,  and  which  have  a  strong  affinity 
for  each  other,  are  separated  by  a  thin  stratum  of  a  third,  which  exerts  no  remarkable 
actum,  on  either,  no.  combination  ensues  between  the  uppermost  and  lowest  stratum. 
Into  a  glass  jar,  or  deep  ale-glass,  pour  two  ounce-measures  of  a  solution  of  subcar- 
bomate  of  potassa,  containing,  in  that  quantity,  two  drachms  of  common  salt  of  tartar. 
Under  this  introduce,  very  carefully,  half  an  ounce-measure  of  water,  holding  in 
solution  a  drachm  of  common  salt ;  and  again,  under  both  these,  two  ounce-measures 
of  solphoric  acid,  which  has  been  diluted  with  an  equal  weight  of  water,  and  allowed 
to  become  cooL  The  introduction  of  a  second  and  third  liquid,  beneath  the  first,  is 
best  effboted  by  filling,  with  the  liquid  to  be  introduced,  tho  dropping  tube, 
which  may  be  done  by  the  action  of  the  mouth.  The  finger  is  then  pressed 
on  the  upper  orifice  of  the  tube ;  and  the  lower  orifice  being  brought  to  the  bottom  of 
the  vessel  containing  the  liquid,  the  finger  is  withdrawn,  and  the  liquid  descends 
from  the  tube,  without  mingling  with  the  upper  stratum.  When  a  solution  of 
carbonate  of  potassa  is  thus  separated  from  diluted  sulphuric  acid,  for  which  it  has 
a  powerful  affbiity,  by  the  intervention  of  a  thin  stratum  of  brine,  the  two  fiuids 
viU  remain  distinct  and  inefficient  on  each  other ;  but,  on  stirring  tho  mixture,  a 
violent  effervescence  ensues,  in  consequence  of  the  action  of  the  sulphuric  acid  on 
the  potassa. 

X.  Two  bodieey  hoeing  no  affinity  for  each  other ^  untie  oy  the  intervention  of  a  third, — 
Thns,  the  oil  and  water  which,  in  Experiment  I.,  could  not,  by  agitation,  be  brought  into 
union,  unite  immediately  on  adding  a  solution  of  caustic  potassa.  The  alkali,  in  this  case, 
acts  as  an  intermedium.  The  &ct,  however,  admits  of  being  explained  by  the  supposi- 
tion, that  the  oil  and  alkali  form,  in  the  first  instance,  a  compound  which  is  soluble 
in  water. 

XL  Saturation  and  neutrdlitation  illustrated,— "WtAeVf  after  having  taken  up  as  much 
common  salt  as  it  can  dissolve,  is  said  to  be  saturated  jnUi  salt  Hydrochloric  acid,  when 
it  has  ceased  to  act  any  longer  on  lime,  is  said  to  be  neutralized,  as  is  also  tho  lime. 

( XXL  The  properties  characterizing  bodies^  when  separate,  are  destroyed  by  chemical  com' 
btnoHon,  and  new  properties  appear  in  the  compound, — ^Thus  hydrochloric  acid  and  Hme, 
which  in  a  separate  state  have  each  a  most  corrosive  taste,  lose  this  entirely  when 

•  To  prepare  nitrate  of  copper,  dissolve  the  filings  or  turnings  of  that  metal  in  a  mixture  of  one 
part  nitrie  acid  and  three  parts  water ;  decant  the  liquor  when  it  has  ceased  to  emit  Aimes ;  and 
evaporate  it  to  dryness,  in  a  copper  or  earthen  dish.    The  dry  mass  must  be  kept  in  a  bottle. 

CHEMISTRY.— Na.  ///. 
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Mutiitlly  Mitimfefl ;  the  eompound  is  extremely  soluble,  tiioag^  fime  itseif  is  yerj 
diffieult  of  sohitum ;  the  acid  no  longer  reddens  symp  of  Tickets,  nor  does  €te  lime 
ehftBge  it,  as  before,  to  green.  The  xesnlting  compound,  also,  hjdrochlorate  of  lime, 
exhibits  new  properties.  It  has  an  intensely  bitter  taste ;  is  snseeptible  of  a  erysiallixed 
form ;  and  the  crystals,  when  mixed  with  snow  or  ice,  generate  a  degree  of  oM  siiiB- 
eient  to  freeze  quicksihrer. 

XIII.  Sinffh  ehctite  afimty  illtatraied. — I.  Add  to  the  combmation  of  oil  in&L 
alkali,  formed  in  Experiment  X,  a  little  dflTzted  snlphurie  aeid.  The  aeid  win  aene 
the  alkali,  and  set  the  oil  at  liberty,  whieh  will  rise  to  the  top.  Id.  this  instsnee^  ^be 
affinity  of  alkali  for  acid  is  greater  than  that  of  alkaH  for  oS.  2.  To  a  dihite  volvtioQ 
of  hydrochlorate  of  lime  (prepared  in  Experiment  II.),  add  a  little  of  ^be  sohifiaB  of 
pure  potassa.  The  potassa  will  seize  the  hydrochloric  acid,  and  the  Ume  wiH  Ml 
down,  or  be  preeipitaied. 

XIY.  In  aome  instances,  in  comparing  the  erfinities  of  two  bifdiiesfor  a  thirdy  a  weidter 
tfiniif,  in  one  of  the  two  compared,  will  be  fotmd  to  he  compensated  by  increasinff^  lb 
fmmtiiy, — It  is  not  easy  to  offer  clear  and  unequiyocal  examples  of  this  law,  and  such 
as  the  student  may  submit  to  the  test  of  experiment.  The  following,  howerer,  may 
ilhuitrate  the'proposition  sufficiently : — Mingle  together,  in  a  mortar^  one  part  of  chloride 
of  sodium  (common  salt)  with  half  a  part  of  red  oxide  of  lead  (liljmrge,  or  red  lead),  and 
add  sufficient  water  to  form  a  thin  paste.  The  oxide  of  lead,  on  examining  the  mixture 
after  twenty-four  hours,  wiH  be  found  not  to  hare  detached  the  hydrochloric  acid  from 
the  soda ;  for  the  strong  taste  of  that  alkali  wiQ  not  be  apparent.  Increase  the  weight 
of  the  oxide  of  lead  to  three  or  four  times  that  of  l^e  salt ;  and,  after  the  same  roterral, 
the  mixture  will  exhibit,  by  its  taste,  marks  of  uncombined  soda.  Tins  proyea  that 
the  larger  quantity  of  the  oxide  of  lead  must  haye  detached  a  considerable  portion  of 
hydrochloric  acid  from  the  soda,  though  the  oxide  has  a  weaker  affinity  for  that  acM 
than  the  soda  possesses. 

Another  illustration  of  the  same  general  princij^  has  been  suggested  by  BerzeKis. 
It  is  necessary  to  premise,  that  the  colour  of  the  compound  of  sulphuric  add  with 
oxide  of  copper  is  Uue,  and  that  of  hydrochloric  add  with  the  same  oodde,  green.'  To  a 
saturated  solution  of  sulphate  of  copper  in  water,  add  by  degrees  concentrated  hydro- 
ehloric  add.  Erery  addition  will  render  the  colour  of  the  liquid  more  distinctly  green, 
showing  an  increased  production  of  hydrochlorate  of  copper ;  the  oxide  of  copper  being 
diyided  between  the  sulphuric  and  hydrochloric  acids,  in  proportion  to  the  quantity  of 
eachadd  that  is  present.  In  a  still  greater  number  of  cases,  howerer,  a  weaker  affinity, 
in  one  of  two  bodies  com}>ared,  cannot  be  compensated  by  increasing  its  quantity.  Ifo 
quantity  of  tartaric  add,  for  example,  that  can  be  employed,  will  be  foiund  to  dislodge 
sulphuric  add  from  sulphate  of  lime. 

XV.  J)ouble  tkctite  afinity  exempliJted,—lD.  a  watery  solution  of  sulphate  of  xinc, 
immerse  a  thin  sheet  of  lead :  the  lead  wiH  remain  mudtered,  as  also  will  the  sulphate 
of  sine,  because  zinc  attracts  sulphuric  add  more  strongly  than  lead.  But  let  a 
solution  of  acetate  of  lead  be  mixed  with  one  of  sulphate  of  xinc ;  the  lead  will  th<»n  go 
orer  to  the  sulphuric  add,  while  the  xinc  passes  to  the  acetic.  The  sulphate  of  lead) 
being  insoluble,  wiH  Ml  down  in  the  state  of  a  white  powder ;  but  the  acetate  of  ym/* 
win  remain  in  solution. 
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Uadar  tloB  tern  an  uaiQy  molndtd,  light,  haaty  aotmi— »  and  dUotiMity ;  uplan 
whki^  la  diifai'iuca  to  commoa  naage^I  ihail  adopt  PkobaUy^  lioiremr,  it  might  ba 
lawHaagpaopaiit  with  op  IpiiacaaatiQn  to  axtond  tha  daftnitinn  laanah  %  aanoar  aa  toia- 
»tha  aaaaea^  whatenrer  they  may  ba,  of  graTitatioii,  anhaai<m»  and  chaartinal  alJiilj* 

It  k  a  pfciaring  aabjaet  for  eontemplaticA  that,  altbGugh  iko  laota  «f  sotenea  aic 

t  aooamnlatiBgy  yet  each  new  £wt  aenraa  aa  a  aazoa  for  UsdiDg  together  ayatefu 
iwijaiiriy  djaannnactad,  Thcfa  ii  a  oontinaal  tendeaicy  to  leeam  tho  wambm  ol  tot 
aaMHB-Hi  aoBtiimal  tendeney  to  zefer  manifold  zeaults  to  tho  cyezaticii  of  fiver 
peat  agenaiea  car  loceea.  In  thia  way,  yiawing  the  numflarooa  ooRektiona  attbajatrng 
hutwraaa  magnetiflm  and  elaotiieity,  it  ii  aeareely  permitted  to  douht  the  pro- 
pnaty  of  xaftvmg  them  to  tho  comnon  oparation  of  «ka  agent.  The  analogooa 
■airilhatatioBa  of  beat  and  Hght  again  render  ezceedingty  ponobahle  the  bypotheeii  that 
tibaoa  Amotiona  are  refetaUe  to  modififid  opcrationa  of  tho  aaao  principle ;  and  the 
f  Btriking  and  aamenme,  anbaisting  between  heat  and  light  on  the  one  hand, 
and  ebetiieity  on  the  other,  render  the  nexua  of  tho  impeondanible 
a§Mte  oomplelB.  Paanng  beyond  the  limita  of  thia  aericfl^  there  haa  been  diaooreied 
by  VtaBmday  a  atriking  relatian  between  electrioity and  chemical  affinity;  and  munenma 
philosophers  have  felt  themselves  justified  in  aasoming  a  oondation  to  exist  between 
te  fqaotioM  of  coheaicn,  chemical  attraction,  and  gravitation :  heaca,  it  aecma  not 
iflBpBobablo  that  the  annMioiia  imponderablo  forces  affecting  matter  may  hereafUr  be 
mtmmk  to  one  operativo  eanae. 

Mglit  Thia,  aa  well  aa  tho  remaining  inipondeiaUeagcnt8»admifti(tf  two  diatiiMt 
khada  of  atnibf.  We  may  stady  it  in  essenoe,  and  in  action.  Thns,  the  eaaenco,  or  condi- 
ikm  of  light,  haa  been  vanonsly  appreciated  by  different  pbiloaophers,  aneient  and 
Modem  ;  aoma  regarding  it  aa  a  subtle,  attenuated  matter,  to  which,  for  want  of  a 
batter  Baaaa,tkatonn  ether  has  been  applied;  otheora,  aa  a  aeriea  of  oontinuooa  ewriasions 
of  OBCtaiB  particlaa,  which,  by  impinging  on  the  retina  of  the  eyo,  give  rise  to  the  ibbp 
preasion  of  Ivminoaity ;  ethers,  amongst  the  ancients,  as  a  seriee  of  emissions  from  the  eye 
ilaetf ;  and  yet  another  dasa,  beUeving,  with  Professor  (Ersted,  that  li|^  oonsislB  of  a 
amiaa  of  deetrie  sparka.  6uch  are  the  chief  of  the  various  hypotheses  which  have  been 
i  aa  to  the  natore  of  lig^  Many,  if  not  all  of  them,  involve  propositions 
L  may  bo  stodied  with  advantage ;  but  the  opinion  of  philosophers  is  now  divided 
I  two-^ho^cocpnacnlar  or  eminary  theory,  and  the  undulatory  or  ethereal. 

Am  regards  its  action,  Ught  may  be  studied  with  reference  to  its  effects.  It  may  be 
oBBtempiated  as  a  mere  optical  agent  Its  fimdamental  properties  of  reflection,  refrac- 
tion, and  polarization,— its  offiBcts  denominated  ehemieal,—ita  velocity  of  transmission,— 
aQ  may  be  diacnssed  without  necessarily  adopting  any  hypothesis  concerning  its 
eeaenco  or  natnxe ;  ahhoogh,  as  will  be  foxnid  hereafter,  the  adoption  of  an  hypothesis 
freqwently  renders  these  phenomena  more  easy  of  comprehension.  There  was  formerly 
a  proloaged  discussion  cm  the  question,  whether  light  be  or  be  not  material.  This 
diacasaion  has  for  some  time  been  allowed  to  rest  Very  little  consideration  suffices  to 
make  known,  that  the  appreciation  of  the  term  matter  will  depend  upon  our  definition 
of  it ;  henee,  according  as  the  definition  be  more  narrow  or  more  extended,  so  will 
Hg^  bo  regarded  as  a  material,  or  a  non-material  agent.  Astronomical  investigations 
enable  ns  to  Jndge  with  great  accuracy  concerning  the  velocity  with  whiftl\  ^M3^ 
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travel*  through  space,  being  about  192,000  miles  in  a  second  of  time — a  rapidity 
which,  although  inconceivable  to  onr  comprehension,  is,  nevectheLefls,  exceeded  by 
the  velocity  of  electricity  passing  through  a  copper  wire. 

The  aitronomieal  data  on  which  the  velocity  of  light  is  calculated  axe  of  two 
kinds ;  the  first  being  furnished  by  observatioAs  on  the  eclipses  of  Jupiter's  satdBtes, 
the  second  by  observations  on  the  aberration  of  light.  The  eclipses 'of  Jnpitez^s 
satellites  Aimish  the  information  required,  as  follows :— The  time  when  each  particnlv 
oolipso  occurs  is  accurately  known  by  astronomical  investigation ;  the  time  when  such 
an  eclipse  is  i$&n  to  occur  is  a  matter  of  observation.  Now,  the  diameter  of  the  earthf  s 
orbit  being  190,000,000  miles,  it  is  evident  that  our  planet  is  at  one  time  190,000,000 
miles  nearer  to  Jupiter  than  at  another ;  hence,  the  visual  announcement  of  an  eclipse 
of  one  of  Jupiter's  satellites  must,  at  one  period  of  the  earth's  revolution — » .«.,  when  the 
earth  is  furthest  removed— pass  through  a  space  190,000,000  miles  greater  than  when 
the  earth  is  nearest.  Now  the  time  light  occupies  in  passing  through  this  length  of  space 
— i.  #.,  190,000,000  miles  (being  the  length  of  the  earth's  diameter)~is  about  16  minutes 
26  seconds ;  which  gives  for  the  velocity  of  the  passage  of  light,  about  192,000  miles  per 
second.  This  degree  of  velocity  accords  very  nearly  with  that  deducible  from  the  phe- 
nomenon of  the  aberration  of  light,  which  may  be  thus  explained : — ^Luminous  objects 
are  rendered  visible  to  us  by  means  of  light  proceeding  from  them,  and  acting  in  straight 
lines ;  and  the  position  in  space  which  luminous  bodies  appear  to  occupy,  is  determined 
by  the  direction  of  these  lines  or  rays  of  light. 

As  regards  celestial  luminous  objects,  our  position  is  continually  altering  with 
relation  to  them;  partly,  on  account  of  their  own  motion,  but  more  especially  on 
account  of  the  progressive  movement  of  the  earth  in  its  orbit.  Now,  if  light  were 
difitised  through  space,  from  any  celestial  luminous  point  to  the  eye,  without  occupying 
time,  then  it  ibllows  we  should  see  celestial  objects  in  their  real  positioins  for  any 
given  time.  We  do  not,  however,  see  them  in  their  real  positions,  but  in  positionB 
occupied  by  them  at  certain  anterior  periods,  proportionate  to  the  time  which  fig^t 
had  occupied  in  travelling  from  them  to  the  sentient  eye.  Hence,  knowing  the  reel 
position  of  a  heavenly  body  at  any  particular  period,  and  the  space  the  observer  travels 
over  in  the  same  time,  we  have  elements  for  calculating  the  velocity  of  li^t. 

For  instance,  in  the  aeoompanying  diagram  let  /be  a  lumious  body  in  space,  ao,6d 

portions  of  the  earth's  orbit  travelled  over  by  the 
observer  in  some  equal  time,  a  second  for  example. 
Let  loy  lOyld  indicate  the  direction  of  hmiinofiis 
rays.  It  will  now  follow  that  if  light  oceupy  no 
time  in  travelling,  the  limiinous  object  I  will 
always  be  seen  in  its  true  positiofn  for  each  time 
of  obswvation,  notwithstanding  any  progreasive 
motion  of  the  observer.  If,  on  the  contrary,  ligjht 
occupy  time  in  travelling,  then  it  wiU  fbllov  that 
the  obserrez's  eye,  moving  in  the  directkni  of  «  ^ 
will  never  see  the  hmunous  body  ^  by  viitne  of 
^  the  luminosity  emanating  at  the  period  of  oboer^ 
y  Of  vatisOQ ;  but  by  virtue  of  luminosity  which  emaon- 
ated  at  some  antecedent  period^  and  the  direction 
or  angular  position  in  space  of  luminous  objects 
is  indioatod  by  humnous  rays,  it  follows  that  I  can  never  be  seen  by  aa  obeerrar 
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>tion  in  its  true  position.  When  the  observer'i  eye  is  at  «,  I  will  not  appear 
real  position — t.  #.  a  position  indicated  by  tho  direction  line  /  a— bnt  in  somo 
dent  position  not  represented  in  tho  diagram.  When  the  obserrer  had  arrived 
the  apparent  position  of  /  would  not  bo  indicated  by  the  direction  line  lo, 
a  one  corresponding  with,  t.  e.  parallel  to  I  a',  and  indicated  by  the  dotted 
p.  Now,  the  distance  of  .a  luminous  object  being  known,  alio  its  real  petition 
»  apparent  position,  we  have  the  elements  ftimishcd  for  calculating  the  velocity 
lit. 

discussing  the  ordinary  optical  properties  of  light,  I  shall  commence  with  tho 
iation  of  a  few  primary  laws. 

i/lnitian,  A  ray  of  light  is  a  reetiKnear  agency  of  tk$  luminotii  itaeneefor  any  yiven 
>arent  medium — ^This  definition  is  equivalent  with  the  ordinary  expression  that 
travels  in  straight  lines,  to  the  extent  that  the  expression  itself  is  conect. 
>at  a  limitation,  however,  as  introduced  in  the  definition,  tho  common  expreeaion 
nrect ;  the  property  of  travelling  or  acting  in  straight  lines  existing  only  for  an 
nging  transparent  medium, 
w  1. — ^The  intensity  of  light  varies  in  an  inverse  ratio  to  the  square  of  the  distance. 


/n 


lat  is  to  say,  if  the  numbers  12  3  4  represent  four  distances  from  a  Inminoiia 
y  then  the  intensity  of  light  at  2  will  only  be  ^th  its  intensity  at  1 ;  at  3,  ^ ; 
,t  4,  iV^*  '^^^  c<^  ^^  readily  illustrated  in  the  following  manner.  Let  a 
ent  a  luminous  body,  I  an  opaque  screen,  having  determinate  square  dimensions— 
stance,  one  foot— 2  3  4  other  opaque  screens,  having  respectively  the  dimensions 
>,  and  16  feet ;  then  at  1,  the  one-foot  screen  will  intercept  all  tlie  light  at  2,  the 
eet  square ;  and  so  on  for  the  rest. 

kw  2.— A  ray  of  incident  light  being  reflected  from  any  polished  surfeuse,  the 
nt  and  refli^^d  rays  are  in  the  same  plane.    Thus,  let  mip 
ent  a  reflective  plane,  d  an  incident  ray,  n  a  reflected  ray,      ^\ 

the  point  of  impact ;  then  the  rays  d  and  n  lie  in  the  \ 

plane ;  or,  so  far  as  the  annexed  diagram  is  concerned,  in 
ane  of  this  paper. 

iw  3. — ^A  reflected  ray  of  light  makes  equal  angles  with  the 
nt  ray.  Thus,  in  the  preceding  diagram,  where  d  i  represents 
koident  ray,  impinging  at  t  and  reflected  at  n,  the  ray  d  i 

an  angle  with  a  line  b  t^  perpendicular  to  the  reflecting  plane  m  ip,  equal  to  the 
ade  by  the  reflected  ray  i  n, 

w  4, — ^When  a  ray  of  light  passes  from  one  transparent  medium  into  another  of 
r  density,  it  is  refracted  in  a  direction  towards  a  perpendicular  to  the  ^la&ft  ^i  V 
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the  nfractiiig  enriace ;  when  from  a  transparent  medium  of  greater  into  one  of  leeser 
density,  it  is  re&acted  from  the^perpendicular  to  the  plane  of 
the  refracting  Biir£EU!e. 

Thus,  let  the  upper  dotted  reotangalar  cpaoe  stand  fcnr  a 
refractive  medinm  of  atmospheric  air,  the  lower  dotted  ama 
for  the  same,  and  the  middle  rectan^e  for  a  tranq>areMt 
refractive  medium,  such  as  glass.  Let  r  stand  for  a  my  of 
light,  taking  the  direction  of  r  «V  i**  On  inspection,  it  wiU 
he  found  that  on  entering  tilie  glass  the  ray  hends  towarda  the 
perpendicular  j9,  hecause  glass  is  the  denser  medium.  Oa 
..:r}.s!  leaving  it,  it  hends  fromj?'  and  resumes  its  original  oouise,— 
in  this  mannor  exem^jufying  the  law. 

Xt  is  owing  to  the  law  of  refraction  just  enunciated,  that  an  object  so  placed  in  «i 
empty  basin  as  to  be  invisible  to  an  observer,  on 
aeeount  of  the  visual  ray  from  it  being  inter- 
cepted by  the  rim,  can  be  rendered  visible  by 
filling  the  basin  with  water.  The  rationale  of 
this  will  be  made  evident  by  the  annexed  diagram. 
The  object  is  supposed  to  be  a  boy's  marble,  and 
it  would  be  invisible  by  a  ray  passing  in  the 
direction  of  E  K,  although  visible  by  the  same  ray 
if  bent  in  the  direction  of  0,  as  would  be  the  case 
if  water  were  poured  into  the  basin. 

For  rthe  same  reason  it  is  that  we  never  see  the  heavenly  bodies  in  their  true 
position,  even  after  the  slight  deviation  referable  to  the  aberration  of  light,  and,  in 
certain  oases,  to  parallax,  has  been  allowed  for.  The  atmosphere,  far  from  being  homo- 
geneous, continually  increases  in  rarity,  as  its  elevation  increases.  Hence,  the  upper 
regions  of  the  atmosphere  are  far  more  attenuated  than  the  lower  regions ;  an  attenu- 
aticm  ^iHiich,  although  infinitesimally  gradual,  may,  nevertheless,  lor  the  purpose  of 
iDtvostigation,  be  oontemplated  in  the  sense  of  diminiiiing  hy«Boc6»nve  soaes,  eaeh 
of  uniform  density  for  itself. 
;  In  the  diagrsm,  three  of  these  imaginary  actmospheric  semes  B»  i«preB«BtBi  \ff 

dotted  lines,  and  r  r'  is  ttie  bent  or  refracted  «oane  ^- --^^ 

wlkioh  a  ray  of  light,  r,  is  made  to  take,  in  consc- 


^T" 


quence  o^  the  law  just  enunciated.    On  arriving  at 
the  outside  zone  it  is  refracted  a  little ;  the  second 

zon^  bong  denser,  refracts  it  still  more;  and  the  thii4,  ^^-- ■-''* 

denser  yet,  effects  a  third  and  final  amount  of  refraction— making  ibe  lummeus  hody,'9, 
visible  to  an  obserrer  at  ^ ;  where,  had  it  not  hecb  fcr  ttie  refraotive  atmosphere,  it 
would  have  been  invisible. 

A  more  common  illustralicm  of  fh6  refraction  of  light  uneqtttlly,  by  an  atmosphere 
of  unequal  densities,  is  affsrded  by  looking  at  a  glowing  pieee  df  metal,  tnr  a  brick- 
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IdlxL  in  aotion,  or  tke  earth'*  tiu&oe  in  a  hot  summer  day.  In  consequence  of  thoso 
portions  of  the  atmosphere  immediately  surrounding  those  hot  objects  being  rarified,  and 
consequently  diminished  as  to  density,  their  rofractivo  power  for  rays  of  light  is  dimi- 
nished also,  and  bodies  yiewcd  through  them  are  not  seen  in  their  true  places.  They 
i^pear,  monoTer,  to  be  tremulous,  because  the  hot  euirents  of  air  rise,  and  cold  ohm 
tiike  thfllr  pliee^  thus  fuznishiag  a  medium  of  continually  varying  refraotiye  power. 

The  theory  of  lenses  directly  follows  from  the  operation  of  the  preceding  law,  as 
will  be  veoopiiaed  after  inspecting  the  following  diagram.  The  simplest  mods  of 
asemg  elearly  the  rationale  of  a  lens  consists  in  regarding  it,  firstly,  as  having  its 
tnrrm  made  up  <tf  as  many  anall  tangent  planes  as  there  are  rays  of  light  from  a 
huBiBOiM  body, — that  is  to  say,  an  infinite  number  of  such  planes;  sec<mdly,  in 
regarding  these  planes  to  be  reduced,  for  the  sake  of  easy  comprehension,  to  a  small 
mniiber*  In  this  diagram,  the  piano* 
oonyex  lens  A,  has  been  reduced  in  ^.. 


■ike  of  exBdnplifieatUm.  uhe  repre- 
sent three  parallel  raysof  lig^t,  each 
&Iling  on  its  own  plane,  going 
throo^  the  lens,  and  jfaially  oon-  ^  ^ 

yetging  on  the  fbous  d.  On  obserying  the  directive  tendency  of  these  rays,  with 
Iterance  to  the  peipendioolars,  •t.ppy  it  will  be  seen  that  the  law  is  satisfied,  and  that 
the  natural  result  of  thus  satisfying  the  law  is  the  convergence  of  the  rays  ah  e  into 
a  focus.    Whatever  be  the  fionn  of  a  lens,  the  same  laW  holds  good. 

Althou^  the  mutually  variable  density  of  a  series  of  bodies  is  one  cause  of  varia- 
tion in  their  respective  amounts  of  refractive  power,  yet  it  is  by  no  means  the  only 
oanse.  Generally,  if  not  always,  the  oombustible  tendency  of  a  body  bears  a  direct 
ratio  to  its  refractive  powcK.  Thus,  long  before  the  real  nature  of  the  diamomi  was 
imapoirtindj  Sir  Isaac  Newton  advanced  the  hypothesis  that  it  mig^t  be  an  unotoous 
wnhrtwioe  coagulated,  having  been  led  to  adopt  this  opinion  in  consequence  of  the 
diamnmd'a  poweifully  vefraetiTe  tendency.  Since  the  time  of  Newton,  his  idea,  as 
fipeeially  relating  to  the  diamond,  has  been  generaliBed,  and  is  &mnd  to  hold  good 
without  a  kaown  eaoeption. 

Hjdrogen,  phoaphoma,  diamond,  bees- wax,  amber,  oil  of  tmpentine,  ota^ihor, 
liMsead  oil,  and  olive  oil,  &o^  have  refractive  indices,  from  two  to  seven  times  greater 
in  oonog^ariaoa  with  their  deoaty  than  moat  other  snbstancea.  At  one  time  this  law 
£uled  to  embrace  the  substance  phosphorus,  which  was  deaoribed  \tj  Dr.  WoUaaton  as 
having  a  low  refractive  power.  Sir  David  Brewster  has  sinoe  demonstrated  tfaat»  in 
rdatiasL  to  its  deoaity,  phosphorus  has  a  refractive  power  twioe  that  4if  hydrogen. 

The  refraotiTe  iadioes  of  a  seriea  of  bodies  are  the  ratios  of  the  sines  of  their 
respective  incidwt  asud  refractive  angles.  This  ratio,  it  will  be  observed,  is  compounded 
of  the  zefraetive  power  due  to  a  substance  by  virtue  of  its  density,  and  by  virtue  of 
another  quality.    Thus^ 

Let  N  =  the  refraotifB  index,  or  refractive  power,  of  any  subatanoe, 

B  =  the  portion  of  refractive  power  in  such  substance  proportianate  to  the 

frmotioaof  density, 
B'  =  the  portion  of  refractive  power  in  such  substanoe  proportiaDate  to  the 
function  of  another  quality, 

ThmiKasB  X  B^ 
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But  it  u  evident  that  in  any  series  of  refraetire  Bobstances  the  mutual  ratio  of  the  fiT  i 
in  fuch  series  may  he  eliminated,  for 

n-  =  l.  1 

That  is  to  say,  in  any  series  of  refractive  bodies,  the  ratio  of  refractive  power  not  due 
to  density,  may  be  obtained  by  dividing  the  number  expressing  the  lefractiye  index  of 
each  member  by  its  specific  gravity. 

Ar>cordlngly  tills  has  been  done  in  a  great  number  of  instances,  and  with  the  object 
of  showing  that  the  unknown  cause  of  refraction  spoken  of  above  as  acting  in  addition 
to  the  vauBQ  of  donsity'may  bo  the  inflammability  of  a  body,  understanding  in  this  sense 
its  tendency  to  combine  with  oxygen  or  other  electro-negative  element, — in  other 
words,  the  electro-positive  quality  of  the  refractive  substance. 

Law  fi.— The  sine  of  the  angle  of  incidence  and  that  of  the  angle  of  refraction  bear 
a  constant  ratio  for  every  refractive  body  of  homogeneous  density. 

01uromatioa.^Trithorto  light  has  been  considered  without  reference  to  colour ; 
the  study  of  tliis  branch  of  the  subject  constitutes  the  science  of  Chromatics.  If  a 
beam  of  white  ligbt  bo  made  to  impinge  on  a  triangular  prism  of  refracting  substanoe, 
colour  is  produced,  owing  to  [tho  decomposition  of  [white  light  into  its  components ; 
from  which  oiroumstanoo  the  deduction  may  be  arrived  at  that  white  light  is  a  com- 
pound of  certain  coloured  lights,  each  possessing  a  given  rate  of  refrangibility.  Sir 
Isaac  Newton  regarded  the  coloured  rays  into  which  white  light  might  thus  be  split  as 
soten,  as  thus  arranged,  in  the  order  or  degree  of  their  refrangibility : — 

1.  Red  3.  Yellow  6.  Blue  7.  Violet 

2.  Orango  4.  Green  6.  Indigo 

and,  indeed,  no  simpler  decomposition  can  be  effected  by  means  of  the  unaided  trian- 
gular prism.  It  is,  however,  now  well  established  that  the  number  of  primitive  ooloiirs  in 
ih»  triangular  prismatic  speotrum  is  not  seven,  but  three— namely,  red,  3rellow,  and  bine. 

tyhMl^al  MiA  OlumMAtio  AbMiation— Convex  lenses,  which  are  segments 
ol  spheres,  suoh  as  the  lens  No.  1,  and  those  concave  lenses,  which  may  be  described  as 
planes  froon  whioh  spherical  segments  have  been  excavated,  may  be  tenned  spherical 
lenses.  Such  lenses  possess  the  dei^t  of  soattering  certain  rays  even  of  mono- 
ohromatio  light  from  the  true  theoretical  focus,  and  producing  an  indistinct  image. 
Thia  del^t  is  tenned  spherical  abenration.  It  takee  plaoe  altogether  near  the  edges  of 
s«H\k  lensea,  and  may»  therei^xre,  be  obviated  by  means  of  a  curtain,  or  stop,  similar  in 
its  nature  to  the  iris  of  the  eyes  with  its  centnd  papil>  ahbough  at  the  eipmae  of  a 
oertain  amount  of  ilhuninative  power. 

Im^Ko^  1  this  ^arical 
abenation  is  represraited. 
Tttegfeaternniaber  of  rays 
ftdl»  «i  they  oukght  to  d(\  OQ 
th»  theoie^^  ^Qua  • ; 
but  a  1^ V  waskikr  fbom  that 
poiAt  lo  ^  and  coaslitiite 
s^hierical  abenaftioaL  It 
will   be  evident   that   a 

central  orifice,  as  v^ie- 

Mnted  in  sectwflL  by  d;  will  have  tito  edSdot  q£  ottttia^  off  tibMa  waafiMiB^  la^s. 
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Tlie  rationale  of  the  peculiar  effect  which  the  edges  of  spherical  lenses  have  in 
developing  spherical  abeiiation,  is  too  purely  optical  in  its  character  for  discussion  in 
this  place. 

Descartes  applied  himself  to  the  task  of  obviating  spherical  aberration  by  vailing 
the  form  of  lenses  from  sections  of  spheres  to  sections  of  certain  ovals,  which,  £rom  the 
name  of  Descartes,  are  termed  the  Cartesian  ovals.  He  thus  succeeded  in  obviating  the 
defect  for  any  one  kind  of  homogeneous  light.  In  his  time  the  circumstance  of  the 
amipound  nature  of  white  light  was  not  known.  Further  experience  demonstrated 
that  each  colour  of  light  possessed  its  own  refractive  power ;  consequently  it  followed 
that  no  lens,  however  varied  as  to  shape,  could  bo  £ree  from  spherical  aberration  as 
legarda  white  or  compound  light ;  or,  more  properly  speaking,  what  would  have  been 
mere  spherical  aberration  with  a  common  spherical  lens,  became  chromatic  aberration 
with  a  lens  formed  on  the  basis  of  a  Cartesian  oval. 

CHuromatio  Abciiatloii. — Spherical  aberration,  we  have  seen,  may  take  place 
when  mono-ohromatic  light  is  employed ;  but  chromatic  aberration  necessarily  pre- 
si^poees  the  employment  of  compound  or  white  light,  and  is  developed  like  mere 
spherical  aberration  by  the  effect  of  the  edges  of  spherical  lenses  on  light  passing 
through  them. 

The  rationale  of  this  agency  will  be  easily  understood  on  reflecting  that  the  edges 
of  a  lens  approach  to  the  character  of  a  triangular  prism,  the  two  sides  of 
which  adjacent  to  the  edge  have  been  bent  into  curvilinear  forms.  The  feict, 
moreover,  will  ^be  anticipated,  that  this  kind  of  aberration  may  be  greatiy  obviated 
by  means  of  a  curtain,  iris,  or  stop.  Nevertheless,  it  is  not  possible  by  this  means 
ahme  to  render  optical  instruments  achromatic;  and  had  the  optician  no  better 
method  of  obviating  the  defect  than  by  a  stop,  refracting  telescopes  must  ^have 
remained  in  the  imperfect  condition  of  tiie  time  of  Sir  Isaac  Kewton;  displaying 
white  objects  not  in  their  true  colour,  but  surrounded  with  an  iris-like  fringe,  Newton 
proclaimed  the  idea  of  making  achromatio  refracting  telescopes  to  be  hopeless ;  never- 
tfaeieaBy  it  has  been  fulfilled  by  a  means  no  less  simple  than  beautiful— the  compound 
Isns,  iha  principle  of  which  is  as  follows : — 

I  Different  kinds  of  glass  possess  different  refractive  powers  for  the  same  colour  of 
lilJbL  Thus,  if  a  glass  which  may  be  endowed  with  the  property  of  refrtuiting  yellow 
and  red  light  by  one  degree  more  than  blue,  be  combined  with  another  which  has  the 
exactly  opposite  property  of  refracting  blue  by  one  degree  more  than  yellow  and  red, 
then  it  should  theoretioally  follow  that  the  resulting  action  of  two  such  glasses  should 
be  a  perfect  compensation.  This  indeed  is  found  practically  to  be  the  case.  Ferfectiy 
achromatio  lenses  arenowfermed  of  compound  glasses  placed  in  apposition ;  and  the 
aehzoauitio  telescope  q^oken  of  by  the  illustrious  Newton  so  despondingly  is  now 
amongst  the  best  known  and  most  conmLon  of  optical  instruments. 

B^re  quitting  the  subject  of  spherical  and  chromatic  aberration,  it  is  worth  while 
to  zeflect  on  the  exceeding  care  which  nature  has  taken  against  the  occurrence  of  this 
defect  in  the  eye  of  man  and  the  higher  animals.  The  provinon  of  the  iris,  with  its 
central  orifice,  or  pupil,  must  strike  even  the  most  careless  observer  as  being  precisely 
analogous  in  its  nature  and  functions  to  the  stop  or  diaphragm  of  an  optical  instrument ; 
possessing^  however,  the  beautiful  means  of  adjustment  which  the  optical  instrument 
has  not,  tiie  power  of  enlarging  or  contracting  its  central  aperture  to  regulate  the 
ainmint  of  light  admitted.  The  function  of  the  iris  and  pupil  is  evident ;  but  there  are 
other  proriiiona  against  sj^ierical  and  chromatio  aberration  which  require  dissection  to 
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TinfoM.  Not  only  is  there  a  stop  for  the  piupoae  of  cutting  off  wandering  rays,  but 
the  cornea,  the  cryBtaliine  lens,  and  the  Titieous  humour,  are  none  of  them  iphedcal 
lenses.  They  are  formed  on  the  basis  of  ovals,  in  order  that  they  may  be  more  effisetaaL 
in  obviating  s^»herical  aberration.  Nor  is  this  all  the  refractiye  poirer,  for  one  kiad  of 
Ught  is  different  in  every  one  of  the  transparent  lenses  and  humoun  of  tibs  eyeu 
Nature  herself  has  set  the  example  of  compound  achromatic  leases,  so  plainly,  so 
unequivocally,  that  had  the  illustrious  man  who  looked  so  desposding^y  on  refitaotmg- 
telescopes  been  an  anatomist  he  could  searoely  hare  £uled  to  discorertiie  aecsret  of. 
compound  achromatic  lenses. 

Bovble  Jtefintctioia. — ^The  laws  of  ordinary  or  aingle  r^ractioa  ha^e  alreaif 
been  enunciated;  but  there  is  also  a  dass  of  phenomena  teemed  double  refraotiaay 
which  I  shall  now  discuss. 

The  term  double  refraction  sufficiently  indicates  its  nature.  Any  ofajeet  seen  ibioaf^ 
a  doubly  refracting  body  in  the  pn^per  direction  appears  doaUe ;  the  cay  of  HgM  iMUig 
split  into  two,  of  whidi  one  takes  the  ordinary  oococae,  or  very  «iearly,  and  is  thereHon 
termed  the  ordinary  ray,  whilst  the  other  ezperienees  a  very  remiokahle  difea^gmoe^ 
not  only  altering  its  angle  but  iii  plane  of  tranamissLon, — and  thus  demea  the  name  of 
extraordinary  ray. 

The  subjeds  of  double  ro&action  and  polarization  (for  they  are  intimately  united) 
are  amongst  those  which,  although  remarkably  easy  in  themselves,  appear  diffieult  m 
books,  chiefly  on  account  of  the  difficulty  expezienoed  in  representing  on  a  flat  paper 
surface,  by  means  of  diagrams,  actions  which  occur  in  two  planes  at  right  angloa  to 
each  other.  This,  indeed,  is  the  only  difficulty  attendant  on.tiie  study  of  donblo 
reiraction  and  pokiization,  so  far  as  all  the  more  common  phenoBMBa  an  oon^ 
oemed. 

j^Peibaps  the  best  medium  fbrimpriBting  first  ideas  of  tiie  natme  of  dgnbkrefractiaa 
is  a  riiombohedral  crystal  of  Iceland  wpst.  J£  such  a  crystal  be  taken,  and  any  tibUo 
point  viewed  through  it,  the  imi^  wiR  be  zedupHeatedr-provided  the  cryatal  be  hali 
in  all  positicms  but  one ;  which,  accordingly,  is  termed  the  optic  axis  of  die  crp^k^ 
also  (curiously  enough)  the  axis  of  double  refntetion.  It  does  seem  extnoidinary  llMit 
the  term  *^  axis  of  double  refraction"  ahonld  hare  been  adopted  to  define  the  linear  direc- 
tion in  which  no  double  xefraetion  takes  place.  The  term,  however,  has  ^cquliBd 
the  authority  of  usage. 

If  theorystalaf  Icelandspar  beheldinoiidiadiittotion  that  the  two  images  of  m 
object  viewed  tfaxongh  it  appear,  and  if  the  crystal  becsoaed  to  rotate,  &en  -tibe  iaio^o 
resoHing  from  die  extniordinary  ray  will  revolve  in  a  circle,  whikt  the  image  of  Ifai 
ordinary  ray  reonins  fixed.  By  varying  die  axis  of  tiie  -wmoA- 
ray,  these  two  images  may  be  nuidd  to  assmne  THooits  9twAmmm 
with  regard  to  each  othei^-<distanoes  merging  imto  perftct  mat* . 
cidenoe  when  the  visual  ray  oorrespcmds  with  the  optie  axis  of  the 
crystal,  and  atfesining  As  farthest  limit  of  divergeDoe  whoa  tiie. 
^ual  ray  is  at  right  angbs  to  the  same. 

The  next  experiment  vrhich  may  be  performed  is  as  fiillewv:— . 
Let  a  sliee  of  tonrmaliae,  out  pazallel  to  the  crystaTs  long  axu^  betidDen,  andfiaroofr* 
venience  mnairtnd,  by  means  of  a  Httle  aealxng-wax,  on  a  perforated  aUee  of  ooriEy  ia 
such  a  manner  that  it  may  be  idated  befine  the  eye.  Next  set  a  thcaib  ef  loelaai 
spar  flat  upon  a  pteoe  of  paper,  on  which  s  maziced  a  single  .dot  at  e.  The  dot  irfli 
be  redoptioaied  (0  £),  as  reporeeented  im  the  fitOovring  cEhii;e»i.    If  a«w,  the  uijetri 
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of  los^and  spar  resuamiiiig  in  tlii»  poKiti0i^  the  two  dote  be  -viewed  through  the 
motmM  slice  of  tmxrmalme,  «,  Teiyextraordliujy 
pbaUTmenon  wiU  ba  mti^msd.  The  two  doti^ 
dlthoHgh  ¥kwed  tteiagli  tiie  same  media  (the 
crj^Stal Slid totirmalme),  will  ippesr  with  different 
amountaof  di^inftoe^.  By  taming  rcmnd  tHa 
tofurm^in©  one  iuaflgc  will  gradually  fade,  and 
the  othor  will  grow  laore  eTident.  By  con- 
ihaang  the  neToliztioD  aim  will  a£  kagth  alto- 
gether disfi^pfeor,  asd  the  other  will  attain  a 
TniTttrmm  of  conspicuousjiesa.  By  ooxitiitiUBg 
die  2%TolutiaQ  the  ord^r  «yf  ph^Lomeim  is  reversed ;  that  k  to  saVj  wLlcheTer  image 
"VM  indifitiiijct  before  will  now  grow  bright,  and  so  the  chnage  will  oltenuite^— the 
same  ^lijaot  disappearixig  at  periods  coioeident  with  every  Bemi-TeTolatioia, 

It  is  qmte  evident^  isom  ^e  t^nour  of  tliid  gimple  C!(£p«riiD«!nt,  that  not  only  has  the 
loelaiid  spsEt  effected  the  Bplitting  of  one  my  into  two,  bnt  thnt  each  ray  has  become 
endowed  -^th  certain  propeities, — 4^ch  ray,  to  uie  the  oidiiiary  cipreaciioD^  has  heeome 
pf^arixed  ;  hence  all  doubly  re^-aeting  aubsta2icei&  ait«  also  pokrkiia^  oiues,  although  the 
pojArization  of  light  may  b©  aocomplished  also  by  other  means. 

In  dieonsging  the  nature  of  so  snbde  an  eaienee  aa  light,  it  frequ^nOy  helps  the  oom- 
pnsheztfilon  to  ilinstrato  eertain  phenomena  In  whieh  it  is  inrolred  by  adopting  simili- 
todsii.  li,  then,  eommon  <»'  non>polari£od  light  he  aadaiilEted  to  two  plane  agoneie^ 
mStmg  redAogularly  to  each  other,  aa  indioated  by  a  rectangular  cross  +,  eome 
ODBsiatent  baii»  may  be  farmed  far  aequiriag  a  knowledge  of  polarised  h^ht  in  its  most 
^pla  relatioaa.  We  have  only  to  aaffrane  that  a  ray  form^  of  them  two  rectoBgnlar 
Egt*nctce,  whilst  permeating  a  doubly  refracting  cryatali  geta  spUt  into  two,  and  wo 
bunediateiy  derive  a  notion  of  the  piiopertiea  of  double  reftaetion .  The  reason  why  tbo 
two  i«ya  are  refracted  in  diSerent  plaaea  is  immediately  suggested,— and  it  only 
naMJai  to  frame  an  hypo^««aB  aiiemintLDg  far  the  subsequent  phonoxEifna  obsezred  on 
TiMfin^  ItLe  two  images  thjxingh  a  pUte  o^'  tournoline. 

If,  in  regard  to  this  tomtnalino  plate,  we  asenme  it  to  he  endowed  with  a  tran^ma- 

mmpnf^ertf  Hot  light,  as  Teprt^ented  conTentLonall y  hj  the  subjoined  diagram  (No*  1), 

then  our  firat  notions  as  to  the  nature  of  pokrleed  light  become  very 

Much  extended.     The  reason  wiU  be  now  appajent  why  only  one 

object  produced  by  a  doubly  refracting  body  can  be  seen  in  per- 

feetion  iu  two  positieoss  of   rotation,  and  why  eaeh  ^ 

ofcjeot  alteiaately  disappears.    Eay  No.  1  would  only 

permeate  the  tourmaline^  aa  represented  in  diagnm  (1), 

so  bug  aa  its  plane  might  eorre«pond  with  the  dii^cction 

of  the  slit-like  orLfices, 

All  the  phenomena  of  polamied  light  harmonifle  with  the  geoi^al  Idea  of  its  pe«- 

seeaing  eides ;  an  idea  wMch  was  propotmded  by  Newton ;  but  being  so  ejdxaordinwy, 

was  laid  aside  until  Malua,  in  the  year  IB  10,  again  drew  atteution  to  th«  subfect. 

Befemng  to  the  eiperhn^iit  jnst  dted  of  ^e  spar  and  the  tourmaline,  it  requires 
wow  to  be  indicated  thai  tourmaline  is  a  doubly  refractive  suhetnnce,  which  acoom- 
pliahee  sueh  a  div^geiico  of  the  rays  fJiat  one  n  tnKned  aMdo  or  loett  A  pkte  of  thU 
kiad  only  admits  of  the  passage  of  rays  in  one  plane. 

All  tho  light  which  passes  through  a  plane  of  tourmaline  is  polarized,  aa  may  h^ 
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rendered  evident  by  the  foUowing  simple  experiment : — ^Haring  proyided  two  ^tee  of 
tourmaline,  each  mounted  similarly  on  cork,  for  conyenience  of  manipaLatioii,  let  any 
luminous  body,  such  as  a  candle,  be  viewed  through  one  plate,  the  tourmalme  being 
caused  to  revolTe  until  a  complete  circle  shall  have  been  described.  Next  repeat  the 
experiment,  using  two  plates  of  toimnaline,  laid  flat  toge&er, 
instead  of  one.  Provided  the  long  axes  of  the  tourmaline  plates 
are  coincident,  both  may  be  revolved ;  and  the  object  wlD,  in  all 
phases  of  revolution  of  the  'planes,  appear  evidrait  as  before. 
No  sooner  are  they  ^placed  at  right  angles  to  each  other,  however, 
than  all  the  light  is  completely  intercepted.  When  two  polaiizing 
agents,  such  as  these  tourmaline  planes,  are  employed  in  eon- 
junction,  whether  in  contact  with  each  other,  or  some  distance 
removed,  the  one  nearest  the  eye  is  termed  the  analyzing,  and 
the  one  nearest  the  object  the  polarizing  plane.  These  terms  will  be  employed  here- 
after in  reference  to  another  phenomenon.  By  means  of  a  plane  of  tourmaline  used  as 
an  analyzing  plane,  it  follows  that  the  existence  of  polarized  light  may  be  discovered ; 
accordingly,  it  will  presently  be  assumed  to  be  employed  as  .a  means  of  provmg  the 
existence  of  polarized  light  arising  from  another  cause. 

Double  refraction,  I  have  already  remarked,  is  not  the  only  means  of  effiBctmg 
the  polarization  of  light,— reflection  being  also  a  very  usual  cause.  There  is  a  certain 
angle  at  which  probably  every  reflective  surface  accomplishes  the  polarization  of  li§^ 
For  plate  glass,  covered  on  one  side  with  a  black  pigment,  this  angle  is  67**,  and  plaoed 
at  this  angle  it  may  be  used  as  a  means  of  effecting  polarization.  The  reflected  Bfjbi 
may  be  known  to  be  polarized,  either  by  an  analyzing  plate  of  tourmaline,  or  by 
another  plate  of  blackened  glass  held  at  the  polarizing  ang^e,  at  which  an  imag^if 
produced  by  polarized  light,  will  become  invisible. 

Intexfiwence  of  Volaxised  Idght.^This  term,  although  involving  an  explana- 
tion which  will  bo  for  some  time  postponed,  must  be  here  mentioned  as  a  means  of 
designating  certain  brilliant  chromatic  effects,  not  less  beautiful  in  themselvea  tiiaa 
useful,  as  acquainting  us  [with  the  molecular  constitution  of  many  bodies.  Polarised 
light,  therefore,  becomes  an  agent  of  refined  chemical  analysis. 

If  the  two  tourmaline  plates  be  taken  as  before,  and  held  face  to  face — that  is  to 
say,  in  the  same  plane,  but  at  right  angles  to  each  other — a  ray  of  light  will  be  com- 
pletely intercepted ;  but  if,  whilst  in  this  virtually  opaque  condition,  a  thin  layer  of 
mica  be  thrust  between  them,  light  will  bo  transmitted— no  longer  white  light,  but 
coloured ;  and  on  causing  the  analyzing  plate  to  revolve,  these  colours  will  go  through 
all  the  planes  of  the  prismatic  spectrum,  except  one  spot  in  the  middle,  whidh  wiQ 
alternate  between  white  and  black. 

On  attentively  reflecting  on  the  bearings  of  this  experiment,  it  is  evident  that  the 
interposition  of  the  mica  must  have  depolarized  the  ray,  or,  more  correctly  speaking, 
must  have  caused  the  one  plane  polarized  ray  to  assume  the  direction  of  two  planes, 
being  in  this  respect  like  common  light,  but  differing  from  it  in  the  remarkable  circiim- 
stance,  that  when  viewed  by  an  analyzing  medium,  it  evidences  colour. 

Before  leaving  this  part  of  the  subject,  it  is  necessary  to  observe  that  mica  is  a 
doubly  refracting  substance,  belonging  to  a  crystallographic  system,  characterised 
by  having  two  optic  axes,  or  lineal  directions,  through  which  a  ray  of  light  can  pass 
without  double  refraction.  Only  doubly  refractive  bodies  yield  these  beaatifbl 
phenomena  of  colour  when  treated  similarly  to  mica  in  the  preceding  experiments ; 
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hence  these  colouxed  lingi  indicate  the  eziBtence  of  double  refiraction  under  cironm- 
itanees  in  which  more  direct  obaerration  could  not  be  applied. 

Nor  ia  ihifl  the  only  amount  of  information  yielded.  The  spots  of  alternate  white 
and  hlaok  whiob  corysteUine  sHcea  manifest  when  thus  treated,  are  indioatiye  each  of 
an  optio  aada,  or  line  of  no  double  refraction ;  hence  the  crystalline  system  to  which  a 
sabstanoe  belongs  may,  by  thia  means,  bo  determined  within  ycry  narrow  limits.  If 
sneh  4  sHoe  do  not  produce  thia  image  under  the  circumstances  mentioned,  it  does  not 
donUy  refract  li  it  doea  sot  doubly  refract,  it  does  not  belong  to  ihe  tossular 
sjrstem.  If  it  have  only  one  optic  axis,  it  either  belongs  to  the  rhombohedral  or  right 
iquare  prismatic  systems.  If  it  have  two  optio  axes  it  belongs  to  one  of  the  remaining 
•jatemay  as  the  subjoined  table  will  render  manifest.    Before  the  theory  of  inter- 

TABULAR  VIEW  OF  THS  CONXEXIOK  SUBSISnNO  BETWEEN  CBYSTALLINE  TOBM 
AND  OPTICAL  PROPERTIES. 


irhb 


diTiiion 
ice  to 


Sjitnns  or 
groups  of  Mohs. 


Srstenu  or  Groups 
of  Weiss. 


Crystallographio 
axes. 


Optic  axes. 
(sTn.)  axis  of  dou- 
ble refraotiozu 


Ckjitelfl    having    8 

reetangular  equal 

axes 
DoBotbeeome  elee- 

txiealby  heat* 
Do  not  expand  ime- 

^Mdljbjbeat. 
Oo  Bot  doubly  re- 

fraet. 


Cmtals  not  having 
8  netenffular  axes 

Beeone  daetrieal  by 
heat. 

Expand  unequally 
Iqrditloi. 

Doubly  refract. 


)Tsisnlar. 


/fihombohedric. 


Pyramidal. 


Priimatie. 


Regular  (syn. )  cubic 
oetohearal. 


Bhombohedral. 


Right  square  pris- 


Right    rectangular 
ditto. 


Oblique    rectangu- 
lar ditto. 


Doubly  oblique  ditto 


3  axes, 

all  rectangu- 
lar, 
allequaL 

4  axes, 

1  rectangular 
(unequal), 
3  intersecting 
at  60^  equal. 

3  axes, 
all  rectangu- 
lar, 

1  unequl, 

2  equal. 

8  axes, 

all  rectangu. 
lar, 

all  unequal. 
8  axes, 

1  rectangular, 

2  oblique, 
all  unequal. 

3  axes, 
all  oblique, 
all  unequal. 
Symmetry 

totally  wanting. 


8  optic  axes. 

Do  not  doubly  re- 
fract in  any 
position. 


1  optic  axis. 

Double  refrac- 
tion in  all  posi- 
tions but  one. 


2optioL.«« 

Double  refrac- 
tion in  all  posi- 
tions  but  two. 


of  polazixed  light  can  be  adequately  discussed,  it  wiU  be  necessary  to  haye 
oflfored  aome  remarks  concerning  the  undulatcny  theory,  as  being  the  only  one  on  the 
aasmnptioa  of  which  these  beautiful  phenomena  can  be  consistently  explained.  Mean- 
time a  few  remarka  may  be  ofSared  relative  to  the  connexion  existing  between  these 
ooloored  raya  and  the  geometric  form  of  a  crystal. 

The  higheat  object  of  chemical  philosophy  is  to  unravel  the  mystery  of  those  great 
forcea  with  which  matter  is  impressed ;  to  trace  their  connexions,  study  their  correla- 
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tioBs^  and  ntd  oA— so  to  qpwk  the  Udtek  wanrgMS  of  oae  ui  e^yalent  ftHDttiom  «f 
another.  The  study  of.  erjtlbii\m&  ^om-— tha  iavfldaigstiaa  of  thoae  oMvgjhHi  wkkk 
icmh  in  d^botite  mAthematical  8hap&-4he  eontctnplation  of  thttfc  qmiBelry  Wtveen 
flfcmctnie  and  compoaitioa  wkidi  crfstBls  ■»  Iweiblj  diq^,  confeuiLuaUy  iuywi  tbe 
chaoeal  pikdb»aplifir  vitk  th«  belk^  that  bobm  gnci  eonnezionft  flgristiiwg  ImIivwr 
tiie  phjai^  foaoes  irill  b»  hereafter  made  hxMwn.  by  a  study  of  oitygtala  hftdiw  in 
which  all  the  gange  poiate  of  aeeorate  chemiabry  aeam  to  lie ;  whevo  the  moat  ferfast 
mottBvlai  unioti  ia  cBTCumaczibed  hy  the  aaost  po&ct  geoBMtriiKil  boxmdariee,  and  m 
iphieh  the  yery  linea  of  fiiirce  to  vhieh  thmr  eonfltrHetioA  ia  duo  may  he  hroaght 
vithin  the  aoope  of  cogniaance  by  means  of  polaiiaed  light. 

Cospvscttlax  anA  VndiilatMtj  Tfc— >i<ii,— Thase  two  theones  h«ftt  haoL 
casually  indicated.  They  will  now  be  discussed  more  fully,  inasmuch  as  a  considera- 
tion of  their  tenets  will  feuulitate  a  comprehension  of  certain  manifestations  of  polarized 
Ught. 

The  corpuscular  theory,  although  considerably  modified  by  different  philosophers, 
is  based  on  the  general  assumption  that  the  manifestations  of  light  are  due  to  the 
impact  of  certain  material]  particles  upon  the  retina.  Jusooordingly,  sereral  attempts 
were  formerly  made  to  weigh  those  particles,  by  allowing  a  ray  of  light  to  davt  upon 
the  extremity  of  a  delicately-poised  balance ;  and  to  connect,  in  other  ways^  the  sbm^ 
festations  of  light,  with  their  presumed  analogies,  amongst  the  phenomena  of  ordzntiy 
mattor.  Although  no  evidenco  of  their  weight  had  eyer  been  obtained,  the  idaaeif 
their  material  nature  was  not  necessarily  abandoned ;  and  the  assimiption  of  such 
particles  squared  remarkably  well  with  all  luminous  phenomena,  save  thoae  of  dadUe 
refraction  and  polarization.  The  phenomena  of  reflection  accord  so  well  witib.  an 
assumption  of  the  carpmcular  theory  of  lights  that  their  most  efvident  analogies  can  be 
recognized  in  the  angular  measurement  included  between  the  line  of  incidence,  and 
line  of  refleotiony  of  a  billiard  ball.  The  phenomena  of  common  refraction  admits  of  an 
analogy  searoely  less  tangible  and  direct.  If  a  boy's  marble  be  thrown  into  a  tank  of 
water,  the  marble  will  not  proceed  in  the  direction  it  would  have  ■nrmmsd  is  fB 
atmospheric  medium ;  but  will  suffer  bending  or  refraction. 

Most  of  the  ordinary  phenomena  of  light  inyolve  either  reflection  or  refNwHoii ; 
and  most  admit  of  ready  oon^rehension,  on  the  assumption  of  the  molecular  theory. 
The  phenomena,  howeyer,  of  what  is  called  interference  of  light,  and  the  phenomena 
of  polarisation,  are  totally  irreconcileable  with  the  tenets  of  the  molecular  theory,  as 
the  following  illustration  wiU  make  apparent : — 

Most  persons  must  haye  remarked  the  beautiful  series  of  iridescent  colours  dis- 
played by  certain  polished  shells.  These  colours  ara  in  no  manner  connected  with  the 
composition  of  such  shdls,  as  may  be  demonstrated  by  taking  a  cast  in  sealing-wax^ 
when  the  surface  of  the  cast  will  also  display  a  similar  iridescence.  On  examining 
the  surface  of  such  shells,  or  casts  taken  from  them,  by  a  microscope,  minute  ridges 
or  furrows  are  discoyerable ;  and  to  the  action  of  these  the  phenomena  of  coloured  light 
is  referable.  A  similar  iridescence}  may  be  produced  hy  engraying  tibe  surfiuse  el 
metals  with  such  miorosoopie  furrows ;  and,  indeed,  this  ]^roces8  was  once  iqiplied  to 
a  branch  of  the  industrial  arts — ^the  manufaotore  of  iridescent  wrdstooat  buttons.  In 
this  case  the  cngrayed  material  was  steel,  and  the  forrows  were  made  by  means  of  a 
diamond.  The  colours  thus  produced  are  referred  to  the  action  of  interfereaoe  of  light, 
which  term  inyolyes  tiie  theory  of  imdulations,  on  the  assumption  of  whieh  the  ph^o- 
menon  is  easQy  ex^cable.  It  is  possible  so  to  arrange  the  impact  of  two  mono-ehroinatio 
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lominoas  rays  agalxut  one  and  tho  same  point,  tiiat  the  two  ahall  either  prodnoe  an 
imoant  of  lumnoMty  equal  to  the  oombined  energiee  of  both,  or  else  perfect  darkness, 
according  to  the  relatiye  diBtanoe  from  the  point  of  impact  at  which  the  sourees  of  the 
two  Inminons  rays  are  placed.  This  is  what  is  understood  by  the  interference  of  light 
Two  rays  of  white  light  are  even  more  susceptible  of  interference  than  two  rays  of 
eoloored  lifjbt;  bat  in  this  case  the  result  is  colour, — ^inasmuch  as  a  ray  of  white  light 
ii  eompomnded  of  tiiree  ealinircd  rays,  any  of  which  being  interfered  with,  or  sop- 
preeaedf  the  compound  quality  resulting  in  whiteness  no  longer  exists. 

On  the  assumption  of  molecules,  the  phenomena  of  interference  are  totally  inez- 
pGemUe.  It  is  impossiUe  to  conceire  the  impulsire  force  of  two  moleoules,  each 
directed  to  fStse  same  point,  less  than  the  impulsiye  fbrce  of  one — indefinitely  less,  eyen 
to  xeroy  as  we  most  cooeeiYe  if  the  theory  of  molecules  be  applied  to  this  phenomenon. 
On  the  other  hand,  if  we  assume  the  undulatory  theory  to  be  tnw—if  we  imagirwi  that 
light  is  the  result  of  Tibrations  amongst  tho  particles  of  an  exeeedingly  attenuated 
essence — ^then  the  phenomena  of  interference  con  be  readily  explained ;  then  we  can 
find  tha  most  precise  analogies  between  certain  phenomena  of  light,  and  of  sound,  and 
the  curioiis  affections  of  interference  and  of  polarization  become  explicable.  If  on  some 
tranquil  day  a  pebble  be  thrown  into  the  water  of  a  pond,  a  series  of  waycs,  circular  in 
eontonTy  and  gradually  expanding,  will  form.  If,  whilst  these  waves  are  taking  their 
eourse^  mother  pebble  be  thrown  on  the  spot  where  tho  first  impinged,  another  series 
of  wavaa  will  be  produced  of  precisely  similar  character  to  the  first,  and  some  of  which 
Ihey  wHl  oyertake.  A  yery  familiar  result  wiU  now  bo  seen.  The  wayes  come  in 
eontaot — but  not,  to  use  a  scientific  term,  all  in  the  same  phase  of  vibration  ;  at  some 
points  two  rising  crests  wiU  coincide,  when  two  wayes,  by  uniting,  associate  their 
finrcesy  and,  if  striking  against  an  object,  giye  a  double  impact  At  other  points 
a  rinng  erest  will  strike  one  that  is  fiiLlittg;  the  result  of  whieh,  supposing  the 
force  of  each  equal,  would  be  the  annihilation  of  both.  In  this  ease  we  are  ibmished 
with  m  eoouDBple  of  the  interference  of  aqueous  wayes.  Passing  on  to  the  ooDsideration 
of  flGDorooa  wsve%  it  will  be  discoyered  that  the  whole  science  of  musieal  harmony 
depends  on  so  adapting  the  length  of  these  wayes  that  they  may  coincide  in  similar 
phases  of  yibration.  It  is  well  known  that  if  a  musical  string  be  diyided  by  a  step  into 
two  equal  jMErts,  each  separate  part  yields,  on  yibration,  a  tone  an  octaye  aboye  that  of 
the  'wliole  string ;  it  can  be  demonstrated,  moreoyer,  that  each  half  yibrates  twiee  as 
ftst  as  the  whole  string — consequently  its  yibrations  must  be  twice  as  small.  Now  it 
is  well  hnown  that  an  octaye  is  the  most  perfect  harmony  that  can  be  associated  with 
the  fcndamentfld  tone — so  perfect  that  the  resulting  tones  blend  into  one,  just  as  they 
should  do  according  to  theory.  Two  series  of  expanding  wayes— one  series  double  in 
size  to  the  other— both  taking  the  same  direction,  must  necessarily  correspond :  there 
em  be  no  interforence. 

Inasmuch  as  the  yelocity  at  which  sound  trayels  is  known,  and  each  partxcnlar  tone 
in  the  musical  scale  corresponds  with  a  determinate  number  of  undulations  in  a  giyen 
tone;,  the  sise  of  sound  wayes  for  any  particular  tone  may  bo  calculated,  when  the 
number  of  yibrations  for  any  giyen  tone  are  known.  This  has  been  accomplished  by 
M.  Savart  by  means  of  a  spiked  wheel,  caused  to  reyolyc  with  known  yeloeities.  A 
known  yelocity,  yielding  a  known  sound,  famishes  the  required  data.  It  is  by  an 
application  of  the  aboye  principle  that  Professor  Wheatestone  succeeded  in  determining 
the  yelocity  of  electricity  through  a  copper  wire.  Under  the  head  of  Electricity  the 
arrangement  of  Professor  Wheatestone  will  be  fully  explained. 
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iM  H  IS  v«U>ciix  of  •(Hjmd  per  aeoood, 

H  7Z.  wm^  oi  vilmitkmf  per  MieoDd  neoeKaxy  to  produce  wkj  gmn  note, 
W  =::  l«agtJii  of  wtr«  <XMrre^oiidtiig  to  fhit  note ; 

TIm  rd/x;ity^  of  found  in  «ir  ai  mean  temperature  and  preaBme  is  -=.  1120  fiset  i 
i«co»4.     Xa  coo£»rmity  with  tiie  ftbore  ^ita,  tiie  following  talile  has  been 


MUHHim  ov  yiMiAnovu  I'KE  hvcoud  fesformsd  by  waves  of  air  oobbssposoidio 

TO  UaWfAlM  UVUWJih  VQTWf  AVD  LEVOTH  OF  THE  BESFECTITB  WAVES. 


NuUiforttMoryan. 
l^WfMt  CI 

c* 

0» 

UnythofiHpo. 

32 
10 

8 
i 
2 

I 

No.  of  Tibrations 
peraecond. 

Length  of  ware. 

1 
1 

16 

82 

64 

128 

256 

512 

70 
85 

17-5 
8-75 
4-375 

2-1875 

«r  iiao 

16 

nr  11  ao 
3a 

oriiao 

64 

or  iiao 
laa 

or  ii«o 

856 

or  ii«o 
6ia 

Thttau  ftuouatlu  iUuHtrdtioui  havo  boon  dxoson  with  tho  object  of  facilitating  their 
IuqUuuua  frntUDgiioii^to  which  I  will  now  return. 

If  9k  pltiuu«oanYex  lt>ua  bu  laid  with  its  convozity  downwards  upon  a  flat  plate  of 
glaaiH  YfU'iouii-uuloured  rings  appear;  rod  mani- 
ftttting  it«t4f  uear^t  thi)  odgo  of  the  lens,  violot 
«<»ar(Mit  the  oei\t)'e.    These  oolours  are  due  to  tho 

int«4MHiUiH>  ivf  light ;    and  whatever  bo  the  _ 

th«Hviy  \4'  light  adopted,  it  is  evident  that  a. 

eertain  relatiivn  between  ovdour  and  space  is  manifested  in  the  preceding  arrangement, 
whev^  the  lines  W  and  <«,  whieh  I  will  suppose  to  correspond  with  the  ring  red  light,  is 
evidently  IvMVgei*  than  the  line  ^',  which  may  be  supposed  to  oonrespond  with  violet  li^^ 
Ueuoe  these  veapeotive  lines  may  be  consideied  as  representing  the  ratio  of  measurement 
v^*  the  waye9>  or  the  particles  of  light*  a€C<»ding  to  the  theory  we  adopt.  Snowing  the 
vUuMxnsvMvt  of  the  globe  to  which  such  a  lens  has  leiforence^  the  measurement  of  the  lines 
4  \  ^vs»  admit  ^'  calculation ;  heiice  we  have  data  i>f  the  siae  of  waves  (assuming  that 
theiuy  1^  light)  «.vf  various  colours.  The  wave  of  extreme  red  of  the  aolaur  q^ectmm 
h^L  a  leMgth  of  HMH>02t^t^  paxt  of  an  ittich»  and  vibrates  i5$  million  times  in  m  aeoond. 
'Vho  waxo  of  cJ(.tivmo  vWXct  li^t  has  a  length  of  *4iH)00(H$7th  part  of  an  inch,  acaao- 
y^ishitt^  ?^?  milli;(^<>s  of  vibocatiotts  in  a  ^evond.  The  means  of  ascertaining  the  number 
w4t  vihciMMMi^  per  seco^  of  any  coZouxed  li^t  are  bstsed  on  thv'  tkta  of  the  rate 'of 
ti^vettoitg  of  h^t  per  «^.vnd  aMl  tht^  measure  of  a  deteruunsLSe  chromatic  wnve.  An 
(j^ptkHOion  to  tbfc^^  vkia  oJT  thf»  UNrmuJta  given  fi>r  sound  ^bovev  making  title  obvicua 
^.u^t^tutiii^Mi*  will  gi>e  the  le^^utted  answer.  In  order>  however..  W  remove  aH  dtficoltj 
litow^  t)w  c^Htt^fehcil(ii»Wl  of  this^  ifti^retstittg  subject  ttb^  tollowing  pezaHel  cases  ha.ve 
been  dxaw  u  up :— 
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PARALLEL  CABE8. 

Light  travels  at  the  rate  of  190,000  miles  A  man  traycls  at  the  rate  of  00  yards  per 

per  second.  minute. 

Length  of  wayes  of  red  light,  *00000266th  (Assumed)  length  of  the  man's  strides^ 

part  of  an  inch.  1}  yard  each. 

Query. — How  many  yihrations  does  a  ray  Qu^ry.— How  many  strides  does  the  man 

of  red  light  make  per  second  ?  moke  in  a  minute  ? 

liormulafor  tdving  the  query.  Formula  for  aoMng  the  qwry, 

\  Velocity  of  light  per  sec  _^  No.of  vibra-     Velocity  of  man  per  min. No.  of  strides 

Length  of  wave  of  eyery        tionspersec.  Length  of  "stride  ~  per  min. 

colour 

Or,  Or, 

Anawer.  Answer. 

0-0000266)190,000/^^5..°'^°^  °^  ^^"-  H)60(40  strides  per  minute. 

'      '      V    tions  per  second.  *'     ^ 

ZiitMti(MrMie#  of  VolaviBed  Light. — Having  offered  a  general  indication  of 
the  natiire  of  luminous  interference,  let  us  now  apply  the  feu^ts  deduced  to  an  explana- 
tion of  a  phenomenon  already  indicated,-4he  occurrence  of  chromatic  rings  on  inter- 
posing a  plate  of  mica  between  two  plates  of  tourmaline.  Plate  No.  1,  *  or  the  polarizing 
plate,  effects  polarization  of  a  ray  of  white  light,  so  thai  plate  No.  2,  the  analyzing  plate, 
held  transversely  to  the  first,  intercepts  the  polarized  ray.  A  film  of  mica  interposed 
j^etween,  causes  the  ray  again  to  appear,  but  as  a  coloured  ray. 

It  is,  in  the  first  place,  evident  that  the  mica  must  have  turned  the  polarized  ray 
partly  round,  in  order  that  the  second  plate  of  tourmaline  could  have  admitted  of  its 
passage  at  all ;  and  it  is  assumed  rationally  enough,  on  the'assumption  of  waves,  that  in 
this  aet  of  turning  round,  the  various-coloured  rays  assume  different  planes,  so  that,  on 
sepanting  these  planes,  and  rendering  one  alone  evident  by  an  analyzing  plate,  colour 
lesulta,  A  plate  of  any  crystalline  bgdy  (not  belonging  to  the  tessular  system)  thus 
introdoioed  between  two  polarizing  media,  yields  colour,  and  the  optic  axes  of  a  crystal 
■ay  be  oomnted  o£  It  is  consistent  with  reason  to  suppose  that  these  optic  axes 
eoireapond  with  real  directions  of  forces  in  equilibrio ;  and  it  might  be  inferred  that 
homogeneous  non-crystalline  transparent  bodies  would  not  produce  this  effect  on 
polarised  lig^t ;  which  is  again  consistent  with  all  observation.  If  a  piece  of  well 
annatled  glass  be  interposed,  no  colour  results,  because  the  force  holding  its  particles 
togefJier  is  equal  in  all  directions ;  if,  however,  the  same  glass  be  compressed  by 
means  of  a  hand-vice,  or  caused  to  expand  imequally  by  holding  a  hot  poker  near^it, 
then  iridescent  hues  immediately  appear. 

Hence  arises  an  easily  applied  test  of  the  homogeneity  of  glass— a  quality  so  neces- 
Mvy  fbr  all  optical  purposes. 

CMzeulur  Volazisation.— Many  specimens  of  rock  crystal  may  be  selected  which, 
if  sliced,  and  the  slice  placed,  as  directed,  between  a  polarizing  and  analyzing  plate,  do  ' 
not  yield  the  alternating  black  and  white  central  spot  and  radiating  cross ;  but  instead 
of  which,  the  central  spot  is  chromatically  illuminated,  with  a  colour  that  changes 
throng^  all  the  prismatic  series  on  causing  the  quartz  plate  to  revolve  on  its  own  axis, 
ia  some  specimena  of  quartz,  rotation  of  the  plate  on  its  own  axis  from  right  to  left 

»  See  page  76. 
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causes  the  colours  to  appear  in  the  order  of  red,  yellow,  blue ;  whereas,  in  other 
specimens  of  quartz,  this  order  of  alternation  occurs  when  the  quartz  is  turned  in  an 
opposite  direction.  Hcnco  there  is  right-handed  quartz  (the  former),  and  left-handed 
quartz  (the  latter)^  This  quality  of  circular  polarization  is  another  powerful  agent  of 
chemical  analysis.  On  first  contemplation  it  might  be  supposed  to  be  connected  with 
the  solid  molecular  condition  of  the  crystal ;  but  this  is  not  so — the  property  of  cinmlai 
polarization  being  also  afiEected  by  certain  liquids. 

The  subject  of  circular  polarization  is  one  strikingly  illustrative  of  the  Tfftyin 
which  a  subject  apparently  altogether  abstract  and  recondite  may  bo  applied  to  the 
most  practical  ends.  Two  remarkable  examples  of  this  app]ication  I  shall  mention— 
the  first  relatiiig  to  a  method  of  indicating  the  progressire  change  dariAg  hrttiextUXksi 
of  starch  into  glucose  or  grape-sugar ;  the  second  relating  to  a  method  of  distifl^;ihilUlig 
between  the  latter  in  glucose  and  sugar  of  the  cane. 

When  infusion  of  malt  is  mixed  with  yeast,  and  exposed  to  the  proper  fsrmentatiye 
temperature,  a  gradual  change  takes  place  of  starch,  and  a  iiAodification  of  starch,  called 
dextrine,  into  the  glucose  or  sugar  of  grapes,  to  which  the  sweetness  of  the  wort  is  due. 
Now,  solutions  of  starch,  and  dextrine,  and  grape-sugar,  all  possess  the  property  of 
circular  polarization ;  but  with  this  difference, — ^the  two  former  polftrilFe  toUMMif  the 
right  (whence  the  name  dextrine  is  deriyed),  the  latter  polarise  towards  ih»  Idl. 
Hetice,  by  placing  an  infusion  of  malt,  at  progressive  stages  of  fermentation,  ill  t  ttlft* 
of  definite  length,  connected  with  a  polarizing  apparatus,  and  reading  off  the  aiAOtnit 
of  right-handedness  or  left-handedness  displayed  by  the  solution,  the  pv<)greSsiYe  ohaA^fss 
of  starch  and  dextrine  towards  grape-sugar  or  glucose  may  be  made  evident. 

Still  more  important  is  the  application  of  this  principle  to  the  disoiirainit^n  of  eftbe 
and  grape  sugars.  Slightly  anticipating  the  subject  of  organic  chemistfy,  it  nraM  be 
here  premised  that  the  terms  glucose  or  grape-sugar  are  not  specific,  but  geo^e ;  fkiff 
are  not  limited  to  the  indication  of  sugar  which  is  contained  in  the  gnpe,  but  efittsoAdIo 
the  comprehension  of  all  sugar,  from  whatever  source,  having  an  identical  eomporitidlk 
In  like  manner,  by  the  term  cane-sugar  we  understand  a  sugst*,  from  whattevef  WWte 
derived,  that  has  a  composition  of  the  saccharine  crystals  extracted  ftom  silgAr-cdMk 

Cane-sugar  is  that  alone  which  possesses  any  value  as  a  manufactured  article ;  Utt 
only  kind  which  admits  of  crystallisation  or  formation  into  loaves.  Tet  OAne«ln^|IV 
rapidly,  under  certain  oircumstanoes,  changes  into  grape-sugar ;  and  as  botli  jiM  M 
solution,  sweet,  colourless,  and  probably  of  equal  specific  gravities,  the  value  of  apfMW 
for  determining  the  presence  and  the  proximate  amount  of  either  becomeB  of  the  higlwif 
importance.  By  taking  advantage  of  the  fact  that  cane-sugar  polarizes  eiivndilly 
towards  the  right,  grope-sngar  towards  the  left,  the  neeessary  information  eM  \b 
obtftined.  ^  _ 


/ 


M.  Biot  has  contrived  an  optical  instrument  for  this  specific  purpose. 
.  represented  by  the  accompanying  diagram. 


Itp  tank  JB^ 
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A  ray  of  esmmoii  light  lumug  been  pdiariied  by  reflection  at  the  angle  of  56*  45' 
from  the  surface  (b)  of  a  plate  of  gloss,  the  plane  polariMd  ray  (#),  obtained  by  thin 
xneaoia,  is  ftnft  made  to  paaa  through  a  lena  (^)  to  gire  dietinotneas  of  image^  and  then 
tfanrngii  a  piere  solntion  of  eryrtaTHiwhlo  oane-migar  (d) :  the  emergent  ray  (#)  being 
now  analysed  by  a  doable  reAraoting  rhomb  of  caloareoua  ipar  (/),  two  oolosffed  imaget 
are  peroehred,  one  (o)  eanaed  by  ordinary,  the  other  (j;)  by  extraordinary  refraetion. 
llie  ooloura  of  the  twx>  images  are- complementary ;  that  is,  when  one  image  is  red, 
yellow,  or  -bine,  the  other  image  ii  graen,  Tiolet,  or  orange.  If,  now,  tho  analysing 
ihomb  of  calcareoos  spar  be  rotated,  change  of  colour  is  effected.  If  the  rotation  be 
right-handedr— i.  «.,  in  the  direction  of  turning  an  ordinary  iorew— 4he  colours  ftllow 
saeh  otiisr  in  the  order  of  red,  orange,  yellow,  green,  blue,  indigo,  and  Tidlet ;  mea&P 
tfaae,*  the  eztvaovdinajy  image  aswimfia  a  aeries  of  oomplementary  tints.  But  the 
efarofluiitie  relation  of  ^o  two  images  may  be  most  rsadUy  perceiyed  by  tho  fbUowing 
oompsnAiTe  SErangeBiflDt  :•«• 


SXTHAOBDIKA&T  ZXAOE. 

Kfd 

Green 

Orange 

Bine 

TeUow 

f  Indigo 
1  Violet 

Green 

Blue 

Bed 

Indigo) 

Orange 

Violet  ) 

Yellow 

Bed 

Green 

•Sndh  is  the  se^enee  when  the  instroment  contains  a  solution  of  pure  cane-sugar ; 
if  gn^e^ugar  be  sohatitnted,  the  order  of  sequence  is  reversed. 

AoUainny  ox  Ttthonieity.-'AJntil  within  the  last  few  years  the  constituents  of 
ihseolspr  rays  were  supposed  to  be  merely  light  and  heat :  a  third  agency,  termed 
aattBteOy  is  nowreeogniaed.  ^  The  alchemists  observed  the  blackening  of  hom-silTer ; 
but  as  this  discovery  did  not  generate  a  correct  idea  in  their  minds,  the  fact  remained 
tileelflss  toman*  Soheele^  the  Swedish  chemist,  was  the  first  to  investigate  the 
peculiar  eoaiditioos  under  which  this  remarkable  change  of  chloride  of  silver  took 
^•ce^  end  determined  the  diflbrenoe  in  the  action  of  the  least  and  the  most  re&angible 
qpeefcrel  rays.  Berard  afterwards  proved  that  the  most  luminous  of  the  prismatic  rays 
would  not,  even  when  oonceotrated  by  a  lensj  blacken  chloride  of  silver  in  twenty 
mhrates ;  whereas  the  Ipaat  luminous  rays  at  the  moot  refrangible  end  of  the  spectrum, 
condensed  in  the  same  manner,  produced  a  great  degree  of  darkness  on  this  salt  in  a 
few  aeoonda.  lioi  t8M,  Wedgwood,  tiie  poniela^  manufru^turer  of  Etruxia,  employed 
this  ebkride  and  tfie  nitrate  of  silver,  spread  on  paper  and  white  leather,  foit  copying 
HkB  eolouied  ghuas  pictures  in  church  windows ;  but  he  frdled  to  give  permanence  to 
Ae  impreBsiona  he  produced.  Between  1614  and  1827,  M.  Niepce,  of  GhfilonsHrar- 
Sadne,  was  employed  in  investigating  this  subject,  and  discovered  that  resin  spiead  on 
metallic  or.^bu»  tablets  waa  sensitive  to  solar  agency,  the  parts  exposed  becoming  more 
selnble  than  tiioae  in  shadow.  By  this  means  he  was  enabled  to  pcoduoe  pio^ses  upon 
silver  tablets  by  the  use  of  the  camera  obscura.  Niepce,  in  1829,  associated  himself 
▼ith  DagUAra^  who  had  previously  ooinmencsd  some  indepeaodent  obserVBtioDS )  '«nd 
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tkeii  oombinud  ea^crixnonts  lod  to  tk^  i|iscor«liy  of  the  process  known  as  the  BagaeiTeo- 
type»  whkh  was  published  in  1839» 

^*  J£r,  Henry  Fox  Talbot  had  heea  eiigagcd  in  cizpenJdiiicmta  on  the  ehondeal  ageoe j 
of  tho  atmlight  £rom  1834  ;  oM,  in  1839,  he  first  publkhed  hi*  photographic  refieorchee, 
■nd  circyilated  speciraens  of  Me  proceaa  of  prf?paa:ing  pictorea  upon  paper  covered  with 
ohloride  of  ailTOi'.  TMa  kd  to  tiiiinen>ua  inyeatigaiioiij  ;  and  ^ermral  procesaofi,  by  Sir 
John  Hersche!  and  others,  were  speedily  publiahed.  In  1841,  Mr-  Talbot  puhiifihed — 
having  previously  patented — his  cmlotype  prooeas  i  datiti  whiah  time  the  art  has  made 
ripid  adf  ancBs/'— Hunt, 

Even  BO  far  hAfi^k  oa  the  year  1801,  Htter,  of  Jfrna,  mado  the  important  diBOOToiy, 
whilst  repeating  the  ezpenmenta  of  Scheole,  that  on  throwing  the  prkmatic  epeetmm 
on  a  ahect  of  paper  impregnated  with  chloride  of  silver,  that  not  only  was  the 
hUckeuing,  or  chomlcal  cfikt,  more  powerfal  at  the  viokt  end  of  tho  apoctrum  than  at 
the  red,  but  that  the  elect  was  greatest  of  all  beyond  the  limits  of  the  violet,  oon- 
Hcquently  beyond  the  luminous  boundary  of  the  spectrum.  This  diacovery  soon  gave 
ri^  to  the  idea  that  aome  agency  distinct  from  heat,  on  the  one  hand,  and  light  on  the 
other,  mnst  exist  in  the  radiant  apectrum.  Almost  coniomporaneous  with  the  dis- 
ooYiry  by  Eitter  of  the  existeuce  of  what  is  now  tenned  actiniflm.  Dr.,  aiterwarda  Sir 
William,  Herachol  was  prosecuting  a  course  of  experiments 
to  manifest  the  dUtinction  in  the  piiamatie  spectrum 
between  rays  of  heat  and  nicre  luminosity.  In  the  year 
1800,  whikt  making  some  experiments  on  coloured  glasac^ 
intended  for  the  purpOHO  of  defending  his  eyca  firam  heat 
whilst  examining  the  sun  with  his  large  telescope,  ho 
found  that  a  deep  red  glass^  notwithstanding  its  obstruc- 
tion of  a  large  amount  of  light,  scarcelyj  if  at  oil,  inter- 
fered with  the  passage  of  beat.  On  the  other  hand,  a 
blue  or  gray  glass  defended  his  eye  completely.  On  look- 
ing mora  naxrowly  into  this  subject,  Hersohd  provod 
for  heat  what  Eitter  had  previously  done  for  actimaiaEi, 
that  not  only  of  all  tho  coloured  portions  of  the  spectrum 
did  red  afford  the  greatest  amount  of  heatf  but  the  mBM' 
mum  point  of  spectral  heat  was  developed  altogether 
beyond  the  red.  Thos,  it  Bcems,  the  decomposition  of 
radiant  matter  by  the  pHsm  may  be  Indicated,  as  in  the 
accompanying  diagram,  where  the  three  recognizable  effeeti 
of  beat,  light,  and  actinismj  or  chemical  powt^,  are  rcpie- 
•onted  by  three  distinct  but  mutually  interst^cting  sodes  of 
waves,  ♦ 

It  wiQ  be  obiorved,  from  an  examination  of  this  diagram,  that  whilst  heat  (a)  and 
light  {If)  have  each  one  point  of  concentrationT  actinism  (f ]  has  two.  Examination  of  the 
spectral  chart,  as  the  foregoing  diagram  may  be  termed,  ynR  also  tend  to  create  ^ 
supposition^  which  certain  practical  observations  go  to  confirm,  that  the  three  qualitiei 
of  light,  heat,  and  aotiniam,  are  mutually  antagonjBtie  of  each  other.  So  far  as  con- 
cerns light  and  acfciism,  M,  Claudet  has  proved  (Phil.  Trans.,  1847)  that  yeUoWj  the 
point  of  greatest  light,  is  not  only  negativei  but  posittvely  destructive,  to  t&taim 
power* 

The  auhjeot  of  actinic  radiation  is  of  especial  interest  m  connexion  with  the  art  of 
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Heliography,  or  the  taking  of  sun  pioturoB,  most  improperly,  as  Mr.  Hunt  observes, 
termed  Photography — a  term  indicatiyo  of  the  agency  of  light,  whereas  we  haye  made 
it  appear  that  not  light,  but  a  peculiar  radiant  matter,  or  essence,  accompanying  light 
is  the  cause  of  the  result  in  question.  Those  sun-pictures  may  be  chiefly  arranged 
under  the  heads  of  Daguerreotype  and  Calotype,  although  other  processes  for  developing 
them  hare  been  described  under  the  names  of  Fluorotype,  Ferrotype,  Chromotype, 
Chrysotype,  Cyanotypc,  CataUsotype,  and  Anthotypo.  All  those  terms  have  reference 
to  the  chemical  agents  with  which  sun-pictures  are  produced.  It  will  bo  convenient 
to  discuss  the  subject  here  under  the  two  general  heads  of  simple  pictures,  or  those 
generated  without  .lenses,  and  camera  pictures,  in  the  deyelopment  of  which  lenses 
aiianged  in  the  camera  obscura  are  employed. 

Simple  Pietwei. — The  process  adopted  by  Wedg^wood  fbr  copying  the  paintings 
on  church  windows  resulted  in  the  formation  of  a  simple  photographic  picture.  How- 
ever that  process  may  be  modified,  the  principles  involved  in  taking  and  rendering 
pennanent  this  dass  of  pictures  are  invariable. 

1.  The  first  condition  is  tho  generation  of  a  surface  which  shall  be  sensitive  to 
aotinism, 

2.  The  second,  that  the  sensitive  surfkce  thus  developed  shall  be  placed  under  the 
unequal  action  of  actinic  rays. 

8.  The  third,  that  the  picture  shall  be  fixed. 

BmnaMwe  PapMr.— Although  silver  salts  are  not  the  onfy  substanoes  employed 
ht  the  purpose  of  making  sensitive  paper,  yet  they  are  the  most  usual  and  most 
important  It  will  be  welt,  therefore,  to  describe  the  principles  on  which  their 
succeMful  action  depends. 

Pure  nitrate,  bromide,  iodide,  or  chloride  of  silver,  are  not  aflbcted — ^that  is  to  say, 
do  not  blacken  under  the  influence  of  actinic  rays ;  but  the  presence  of  a  little  organic 
matter  renders  them  veiy  prone  to  undergo  this  change.  Hence,  if  organit)  matter, 
such  as  paper,  or  linen,  be  moistciied  with  nitrate  of  silver  solution,  and  exposed  to 
the  air,  the  tissue  thus  acted  upon  soon  turns  black  on  exposure  to  the  solar  rays.  On 
this  principle  depends  the  operation  of  marking-ink. 

MUzmte  Paper. — ^The  most  original  and  most  simple  kind  of  sensitive  jMiper  for 
simple  pictures  is  made  by  brushing  over  a  piece  of  highly  glazed  paper  a  solution  of 
nitrate  of  silver,  containing  about  100  grains  of  the  crystallized  salt  to  one  ounce  of 
water,  and  allowing  the  paper  to  dry.  By  this  operation  a  sensitive  surface  is  pro- 
duced, on  which  the  flgures  of  objects  may  be  developed  by  very  obvious  means. 
Siq^pose,  for  instance,  it  were  desired  to  take  copies  of  the  wheels  of  a  watch,  nothing 
more  would  be  necessary  than  to  lay  them  flat  on  such  a  paper,  and  expose  theVhole 
to  the  action  of  solar  rays.  Wherever  the  rays  might  strike,  the  paper  would  become 
blackened ;  but  it  would  remain  white  in  all  those  portions  covered  by  the  wheels. 
In  like  manner,  supposing  it  were  desired  to  copy  an  engraving,  or  to  take  the  pattern 
of  lace,  of  a  fern  frond,  of  a  leaf,  &c.,  nothing  more  would  be  requisite  than  to  press 
the  object  to  be  copied  and  the  sensitive  paper  flat  between  two  glass  plates,  and  to 
expose  the  whole  to  the  sun's  rays. 

By  the  proceedings  described  we  should  obtain  a  negative  picture — that  is  to  say, 
tile  I^ts  and  shades  would  be  reversed — ^for  a  very  obvious  reason.  Just  as  obvious  is 
it  that  a  positive  picture  might  be  made,  by  exposing  the  negative  one  to  solar  action 
in  contact  with  another  sheet  of  sensitive  paper. 

But  whether  the  picture  be  positive  or  negative,  it  is  evidently  necessary  to  brin% 
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U  to  such  a  conditiQii,  that  wlien  remoyed  &oin  the  ohject  copied  the  white  pbrtiond' ' 
flhall  be  rendered  iniCTsihlft  to  the  solar  raTa.  This  operation  involves  the  employment 
of  some  chemical  agent  which  has  the  power  of  dissolving  away  such  portions  of  the 
silver  salt,  or  other  agent  used,  as  may  not  have  been  affected  by  the  actinic  xays. 
For  tihe  paper  dosczibed,  the  fixing  agent  may  bo  a  solution  of  conunon  salt,  which  has 
the  pioperty  of  changing  all  nitrate  still  remaining  undecomposed  into  a  chloride,  and 
of  dissolving  the  latter ;  a  solution  of  hyposulphite  of  soda,  however,  is  more  generally 
employed. 

CUoiide  of  Silver  Papez^-This  is  made  by  first  washing  over  the  surface  of 
paper  a  solntioii  of  common  salt,  then  with  a  solution  of  nitrate  of  silver.  Tha  best 
proportions  of  materials  arc  60  grains  of  common  salt  to  3  ounces  of  water ;  and  60 
gEains  of  nitrate  of  silver  to  1  ounce  of  water.  The  iq^pUcation  of  these  and  other 
aolulions  employed  in  photographic  manipulations,  requires  much  delicacy  of  hand. 
The  great  object  in  aU  cases  is  to  effect  an  even  distribution.  Brushes,  for  the  most 
part,  are  ineligible,  not  only  on  account  of  their  rapid  destruction  by  the  substances 
wi^  which  they  oosne  into  contact,  but  also  on  account  of  the  great  difficulty  expe- 
rienced in  laying  on  a  perfectly  flat  coating  of  liquid  by  their  means. 
-'«^  A  plan  Tery  msch  had  recourse  to  by  photograj^ers  for  distributing  their  li^uidiB 
is  termed  ,;foa/tn^,  and  consists  in  laying  the  paper,  or  other  substance  to  be  treated,  flal 
on  the  surface  of  the  liquid,  placed  in  a  shallow  porcelain  or  glass  dish,*^r  oven  oh'a 
flat  plate  of  glaat,  accurately  adjusted  to  a  level ;  then  drawing  the  paper  of^  and 
eeaoing  it,  dnring  this  operjUion,  to  come  in  contact  with  the  edge  of  the  dish  or  plats, 
io  that  the  necessary  amount  of  supezfiuous  fluid  may  be  removed* 

Another  good  plan  consists  in  laying  the  paper  flat  on  a  glass  plate,  then  pouring 
upon  it  a  oertain  superfluity  of  liquid,  and  passing  the  latter  evenly  over  the  suz&ce 
of  the  paper  by  means  of  a  glass  rod  held  evenly  and  horixontally ;  this  plan,  however, 
is  roBtrioted  to  opcratione  which  involve  the  use  of  paper  already  wet 

Whatever  the  mode  determined  on  for  spreading  photographic  solutions,  eveij  care 
should  be  taken  to  spread  them  evenly.  If  an  unwetted  patch  or  spot  be  recognized, 
the  operator  should  not  fill  it  in,  but  should  begin  the  operation  of  distribution  over 
the  whole  soriaoe  again.  Chloride  of  silver  paper  which  has  been  prepaied  as 
desfaihed  should  be  allowed  to  dry  in  the  dark ;  when  dxy,  it  is  ready  for  use. 

The  proportions  of  nitrate  of  silver  and  common  salt  just  given  may  be  vaiied, 
within  eectain  limits ;  and  a  variation  in  the  amount  of  sensitiveness,  and  also  in  the 
tone  of  the  picture,  results.  If  the  chloride  of  sodium  be  in  excess,  the  paper  will  nat 
be  yeiy  sensitive,  and  the  resulting  picture  will  have  a  somewhat  disagreeable  slate 
ooImu*.  Quantities  successively  lessftning  give  black,  bronze,  and  brown,  of  vazioiis 
shades,  gradually  ending  in  brick-red. 

Biomldii'Payg.  60  grains  of  bromide  of  potassium  having  been  dissolved  in 
3  onnoea  of  water,  paper  is  to  be  soaked  in  this,— superfluous  moisture  absorbed  by 
bibulous  iMpcr, — then  covered  on  the  surface  with  a  solution  of  nitrate  of  silver  and 
W3ter,  100  grains  of  the  salt  to  an  ounce  of  iratcr. 

Ammooia-nitmie  of  SilTex  Papex.— If  liquor  ammonia)  be  added  to  a  solution 
of  nitrate  of  silver,  nitrate  of  ammonia  results,  and  oxide  of  silver  is  deposited,  tf 
slill  more  ammonia.be  added,  the  oxide  of  silver  rc-dissolvcs.  Correctly  speaking,  the 
so*called  ammonia-nitrato  of  silver,  is  a  solution  of  oxide  of  silver  in  liquor  Awmypwiiw, 
mixed  "with  a  portion  of  nitrate  of  ammonia.  Very  good  pioportians  for  TnaVing  this 
•olulion  are,  30  groins  of  nitrate  of  silver,  dissolved  in  I  ounce  cf  water,  and  sujffieient 
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tr^^r^"  Dttt  vAj  to  preoipitato  the  oxidu  of  oilvor,  but  io  xo-diwolYe  tho  grButeat 
poclioi^  of  it)— a  trifling  amount  boing  loft  nndinolvod,  for  the  purpoio  of  aieuring  the 
.opeMtor  that  the  amount  of  ammonia  added  haa  not  been  in  ezeeai. 

'The  aoiatian  ai  thiii  praparod  ii,  aa  I  before  remariced,  a  mixture  of  oxide  of  ailvor 
diaadlvad  in  ammonia,  with  nitrate  of  ammonia.  The  presenoo  of  the  latter  ia  oon^ 
atoed  objoationablfl  hy  aome  photographora,  inaamuch  ae  it  imparta  to  the  roaulting 
piotorea  a  deep  rod  tone.  Thia  eficot  may  be  obTiatcd  hy  carefully  removing  all  tho 
nifarate  of  ammonia  aolution,  ao  that  only  a  aolotioa  of  oxide  of  8il?er  in  anunoniaahall 
remain.  The  steps  for  accomplishing  this  end  are  as  follow  :— Add  solution  of  nmrnnnia 
to  ihe  fdtrate  aolutiaa,  ao  long  aa  any  precipitate  forms.  Decant  tho  ai^ematant 
iiqn^  (which  ia  a  aolution  of  nitrate  of  ammonia), -*waah  the  oxide  well  with  diatilled 
nitatf^ui  off  tho  latter,-^thea  add  ammonia,  and  effoct  the  solution  of  the  oxide  as 
befiice. 

Paper  prepared  with  tho  ammonia-nitrate  of  silver  is  scnsitiva  without  any  other 
lawitiiiiiiit ;  hut  certain  artistic  cffieots  may  bo  produced  by  not  using  it  until  it  has 
becA  treated  with  bromide^  chloride,  or  iodide  of  potassium,  as  I  have  already  deacribed. 
Whatever  be  the  kind  of  sensitive  paper  employed,  it  ia  absolutely  necessary  that  the 
oipATfaig,  lea^  iscy  to  be  copied,  should  be  pressed  firmly  down  upon  it.  This  is 
acoonpliahed  by  an  inatrumant  termod  a  pressure  frame.  When  tho  aubject  to  be 
oapaad  ia  of  eren  thickness  througfaout-^such  as  an  engraving  on  paper—- the  adjuat- 
meat  la  ao  eaaily  c£fected  aa  to  require  no  explanatioa.  Whon,  however,  the  subjoot  is 
of  uneven  thickness — such,  for  instance,  as  a  leaf  with  its  thick  midrib  and  ramifying 
nurvuiuo  Che  caee  is  different.  Occasionally,  it  will  be  deeirablo  to  shave  down  the 
naie  prominent  portions  of  the  midrib,  by  means  of  a  penknife,  and  the  object  may 
be  afterwards  preaasd  dose  to  tho  glass  by  putting  a  thick  piece  of  flannel  in  tho 
pnaenre^frame,  below  the  paper. 

■Bia  Voaitiwe  Vlotnia. — ^The  method  of  obtaining  a  positive  from  a  negative 
picture  has  already  been  indicated.  Occasionally  tho  process  will  be  fMjilitated  by 
rendeting  tiie  negative,  or  object  to  be  copied,  more  transparent  than  natural,  by 
meaaa  of  oil,  vaimiah,  or  melted  wax.  In  using  these  agents,  however,  care  should  be 
taken*  not  to  impait  a  diade  of  yellow  to  the  negative.  Yellow,  as  I  have  already  i 
indidated,  is  a  great  impediment  to  the  development  of  actinic  images,  over  which  it 
eiBfiB  a  direct  negative  influence. 

Wzing'— In  order  that  a  photographic  representation  may  be  permanent,  it  must 
ba-^  flxod  "'--to  use  the  tochnioal  expression^-that  is  to  say,  it  must  have  all  tho  iBolver 
whioh  haa  not  been  oonverted  into  oxide  or  metallic  silver  by  the  actinic  rays 
raauived. 

Fixing  Is  accomplished  by  the  employment  of  some  solvent  that  has  the  property 
of  combining  with  the  undecomposcd  silver  salt.  Tho  solvent  now  generally  usod  is 
fayposidj^te  of  soda,  in  aqneous  solution. 

The  operation  of  fixing  is  commenced  by  immersing  the  picture  in  a  dish  of  hot 
water,  and  pourmg  away  tho  latter,  by  which  means  the  nitrate  of  silver,  and  other 
salts  soluble  in  water,  are  removed.  The  picture  should  now  be  dried  between  folds 
of  Ubulous  paper,  returned  to  tho  washing  dish,  and  treated  with  an  aqueous  solution 
of  hypoeolphite  of  silver,  having  the  strength  of  about  120  grains  to  a  part  of  water. 
Finally,  the  picture  should  be  removed  from  its  hyposulphite  situation,  put  into  cold 
water,  and  washed  until  a  drop  of  the  fluid  let  fall  upon  a  plate  of  glass  and  evapo- 
rated leaves  no  stain. 
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FoBltiTe  yiotMfi  on  JUbwninoiui  Surfacegi  on  FUnui  of  Oellodion  Ao. 

•—The  yarious  ineqaolities  of  paper  present  such  an  impediment  to  the  photographic 
art  that  many  schemes  haye  been  proposed,  and  some  carried  into  successful  execution, 
for  doyoloping  positiye  pictures  on  smoother  substitutes.  Of  these,  a  coating  of  albumen, 
spread  on  paper  or  glass,  or  of  collodion->t. «.,  solution  in  ether  of  gun  cotton  upon  the 
same — are  the  principal.  Details  of  these  processes  scarcely  come  within  the  scope  of 
a  treatise  on  general  chemistry.  I  must,  therefore,  refer  the  reader  who  would  prose- 
cute tho  subject  of  ^Heliography  more  minutely,  to  books  specially  written  on  the 
tubjeot. 

Canom  JPiotnvos. — ^Under  this  description  are  included  the  delineation  of  forms 
on  paper,  albumen,  &c.,  in  consequence  of  the  decomposing  effects  of  solar  rays  on 
eortain  metallic  solutions — comprehending  the  operations  termed  Calotype,  Talbotype, 
Cyanotypc,  &c. ;  and  the  delineation  of  images  on  an  iodized  silyer  plate,  known  as 
tho  Daguerrotypo. 

If  any  of  the  aensitiyo  papers  already  described  be  placed  in  the  camera  obaouza, 
and  the  image  of  an  illuminated  object  allowed  to  impinge  upon  it,  a  picture  will  in  the 
end  result.  The  time,  howeyer,  necessary  for  the  deyelopment  of  this  picture—usually 
some  hours— is  a  great  bar  to  the  employment  of  this  means  of  taking  actinic  pictures. 

To  Mr.  Fox  Talbot  is  attributable  the  disooyery  of  a  process  by  which  the  time  of 
the  operation  is  abridged  from  hoursto  seconds ;  and  thus  a  new  deyelopment  of  helio- 
graphy  has  sprung  up,  known  under  the  name  of  Calotype,  or,  in  compliment  to  its 
disooyerer,  Talbotype. 

Ithas  been  already  casually  remaiked,  that  pure  bromide,  iodide,  andchloride  of  aSlyer, 
are  yery  UttLe,  if  at  aU,  affected  by  the  sun's  rays ;  but  that  the  presence  of  a  aligjht 
amount  of  organic  matter  causes  Uie  affection  to  occur  readily.  This  dicnmstanoe  lifli 
at  the  foundation  of  the  process  of  Mr.  Fox  Talbot ;  althou^  it  is  only  £ur  to  state 
that  the  fact  had  been  anticipated  by  Sir  John  Henchel  and  Mr,  Bobert  Hunt,  gentle- 
msn.  to  whom  the  interesting  art  of  heliography  is  so  much  indebted. 

The  operation  of  rendering  pc^er  suitable  tat  taking  Calotypic  impreasioos  iMwniatf 
of  two  processes;  of  whioh  the  first  consists  in  impregnating  the  paper  with  certain 
sihrer  salts, — ^the  second,  in  rendering  the  paper  so  treated  additioiiaDy  BesmUrn, 

laayvagTBuUion  of  tka  Vayax. — Sey»al  processes  sre  recommended  ior  this 
purpose :  the  following  answers  perfectly  weU :— Haying  dissdlyed^aboiit  twenty  giiaiBS 
of  orystaUised  nitrate  of  sih^r  in  an  ounce  of  distiUed  water,  piee^itate  it  hj  tiie 
caatioQS  addition  of  iodide  of  potassium.  The  siqpemntantli^dy  which  eootains  nitrate 
of  potash,  is  to  be  poured  off^  inasmuch  ss  that  salt  interferes  with  the  beauty  of  the 
picture.  The  precipitate,  which  is  iodide  of  silyer,  is  now  to  be  dissolyed  in  a  selutkaL 
of  iodide  of  potassium^  containing  fifty  grains  of  the  salt  to  an  ounce  of  water.  The 
paper  is  to  be  washed  oyer  with  this  adutioay  dried,  then  washed  in  distiUed  water,  and 
dried  again.  This  last  washing  has  the  e£^t  of  pgecipitatiiig  iodide  of  silyer  in  the 
texture  of  the  paq^;  because,  althoo^  soluble  in  strong  solution  of  iodide  of  potas- 
SLUBt,  it  is  insQluhle  in  a  weak  soXutkm  of  the  same.  H«nice  the  final  pgoccas  of 
washing,  by  coayexting  a  strong  into  a  weak  solution,  precipitates  the  iodide. 

Baiia¥i»|;  tk*  >a#aa  S—aitiwow — The  process  dt^pends  u^qil  the  iaet  made 
known  by  Sir  J.  Hecschel  and  Mr.  Bobert  Hunt^  that  (uganic  matter  promotes  the 
solar  decomposition  of  certain  silyer  saltSw  It  consists  in  spying  to  d!te  p^cr,  already 
iodxaed  as  described*  a  solution  of  gallic  acid  and  nitrate  of  stiyer  mixed  together,  along 
witih  some  acetic  acid.    The  following  proportions  are  taken  from  an  excellent  little 
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work,  by  Kr.  Bingham,  on  Fhotogrtphic  mtnipulaticm :— **  Disiolye  100  grains  of 
erystallised  nitrate  of  rilyer  in  two  ounoea  of  diatilled  water,  to  which  add  one-«izth  of 
iti  Tolome  of  strong  acetic  acid  (which  will  be  two  and  two-thirds  of  a  drachin)Tthii 
sdntion  should  be  kept  in  a  bottle  exoludod  from  the  light  Now  make  a  saturated 
sedation  of  gallic  acid  in  cold  distilled  water, — the  quantity  dissolved  is  very  smalL 
When  some  paper  is  to  be  prepared,  fiye  drops  of  each  should  be  mixed  with'one  ounce 
of  distilled  water,  and  then  poured  upon  the  plate-glass,  having  adjusted  it  bj  the 
set  fcrewB  so  that  the  solution  will  not  run  off;  the  sheet  of  iodised  paper  should 
then  be  carefully  applied  to  the  wet  surface,  and  the  air-bubbles  gently  pressed  out  by 
passing  the  finger  over  the  back  of  the  paper.  As  soonas  the  paper  has  ceased  to  curl 
upwards  it  should  be  removed  from  the  glass,  very  gently'pressed  between  folds  of 
blotting-paper — but  only  just  enough  to  remove  any  shining  patches  of  moisture  on  the 
mfkoe— and  then  placed  at  once  in  the  frame  of  the  camera." 

Deweloping  the  Pietiure. — Having  caused  the  image  of  any  object  to  &11,  by 
means  of  a  camera,  upon  a  piece  of  paper  treated  as  already  described,  a  corresponding 
heHographio  image  will  be  impressed,  although  not  visible  until  developed.  This 
development  is  eflfooted  by  exposing  the  invisible  picture  once  more  to  the  action  of 
gsDo-nitrate  of  silver,  then  exposing  it  to  a  gentle  heat,  such  as  that  produced  by  a  jet 
tn  stoazn. 

nie  best  means  of  distributing  the  gallo-nitrate  evenly  over  the  paper^s  surftce  is 
by  means  of  floating,  as  already  described,  the  solution  of  gallo-nitrate  being  distributed 
ofer  a  glass  plate,  or  poured  into  a  shallow  dish,  and  the  active  fkce  of  the  pi^Mr 
superimposed  upon  it.  Immediately  the  picture  has  become  developed  it  should  be 
fixed,  by  means  of  the  process  already  described  at  page  87. 

Motvras  on  Metallic  Vlates  —  The  Sagnexxeotype. — The  history  of 
Dagnerreotype  is  comprehended  in  the  history  of  heliographic  re^nresentation  gene- 
rally :  hence  I  have  already  given  a  slight  account  of  it.  It  now  remains  to  offer  an 
ontlitte  of  the  process  adopted  for  producing  these  pictures  in  modem  practice. 

In  the  heliographic  operations  already  described,  the  image  is  impressed  upon  a 
non-metallio  surfiice,  usually  paper,  either  impregnated  or  covered  with  the  sensitive 
Biaterial.    In  the  Daguerreotjrpe  operation  a  plate  of  silver  is  employed  as  the  recipient 
of  the  impression,  or,  more  properly  speaking,  a  layer  of  iodide  or  bromide  of  sQver,    i 
after  singly  or  mixed,  generated  by  exposing  the  plate  to  the  operation  of  these  agents.    I 

Thus  treated,  the  silver  plate  becomes  extraordinarily  sensitive  to  light ;  and  if  ! 
plaeed  in  ft  camera  obecura,  under  the  proper  conditions,  an  invisible  picture  is  I 
impreascd  upon  it,  capable  of  becoming  an  evident  picture  when  the  proper  developing  ' 
inftaence  is  applied.  ! 

The  developing  agent  for  heliographic  representations  of  this  class  is  mercurial  j 
vapour,  which,  by  means  of  an  agency  still  very  obscure,  brings  out  the  picture.  At  j 
this  stage,  however,  the  representation  is  very  easily  rubbed  off;  consequently  some 
proservative  means  is  necessary,  that  most  usual  being  a  deposition  of  a  layer  of  pure  : 
gold  over  the  whole  face  of  the  picture— a  layer  thin  enough  to  be  transparent— thin  I 
enough  to  protect  the  Daguerreotype  image  from  any  mechanical  casualties  to  which  it  | 
may  be  exposed.  | 

Simple  though  the  various  operations  connected  with  the  Daguerreotype  may  . 
appear,  they  all  require  much  practice  for  their  successful  accomplishment. 

The  first  step  of  the  operation  consists  in  obtaining  the  silver  surface  to  be  operated  | 
upon  perfectly  dean,  but  at  the  same  time  without  scratches.    This  is  usually  aiccom* 
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pHdied  by  ezpoeiBg  them  to  iha  faction  of  rubben  07  hmSean  of  cotton  yelyet  or 
doeskin,  charged  Tvith  oil  and  rofctenHrtone,  tnpoU,  .^e.,  19.  ^  first  ewe,  and  fiiMUj 
uneharged  with  any  extraneous  aubatance. 

It  ifl  absolutely  essential  that  the  Daguerreotype  plate  shall  be  free  from  scxatahw ; 
.not  lesB  essential  is  it  that  no  oil  should  remain.  Henoe,  whatever  care  n^ay  have  been 
taken  in  polishing  the  plate  by  the  dry  buffer,  it  is  geijiendly  necessary  to  remove  every 
lingering  trace  of  oil  by  the  operation  of  burning,  as  it  is  called ;  t:  s.,  the  plftte  being 
Jbeld  over  a  spirit  lamp  flame,  all  remaining  traoes  of  oil  are,  by  the  heat  ihm  applifld^ 
^oompoaed. 

This  proeess  of  bvmiflg  U  one  of  con«lderable  deUeaoy.  If  oanied  too  far,  or  not  fiur 
enough,  the  picture  is  damaged.  Nothing  but  practical  ezperienoe  can  asa^re  Jtbe 
operator  that  he  has  made  the  proper  compromise. 

As  regards  the  methods  of  applying  Mction  to  Daguerreotype  plates,  tbey  ore  TWy 
nuQkorous.  In  large  estaUishments  the  surface  of  Motion  is  firequantly  «  iiii9ular 
buffer,  vertioally  revolving,  against  the  flat  side  of  which  the  plates  are  pMSB«ii 
ianateurs  content  themselves  with  some  form  of  Jnanual  operation;  and,  iAdsedf 
whatever  variety  of  polidong  apparatus  may  be  used  in  the  test  stages,  the  last,  teohAir 
eally  called '' laying  the  gsain,"  must  be  effected  by  hand.  It  consists  in  rubbing  ithewjtp- 
fEice  of  the  plate  in  one  direction j  by  means  of  a  buffer,  something  in  the  shape  of  jahir0i|{b^ 
&eiuU«i»c  tb«  Vltte  8«nsiUT0.---The  original  figeoit  employed  by  liC.  Diyi^rre 
ixng  this  purpose  was  iodine  vapour ;  but  the  amount  of  soisitiveness  thus  eonunumoats^ 
was  very  slight  in  compajason  with  that  resulting  j&pm  many  of  the  (Compound  agantl 
now  employed. 

M.  Claudet,  to  whose  philosophic  investigations  the  art  of  heliography  as  ae  Wjri^ 
indebted^  ^as  the  flwt  to  aetise  ihat  a  nUver  i^te,  which  had  tlraady  been  jui^ised, 
might  be  rendered  stiU  more  sensitive  by  exposure  to  the  action  of  chlorine.  Qthisr 
investiigatioQS  soon  proved  that  brevune  effected  %  stiU  gref^ter  susceptibility.  Ji^ 
consequence  of  those  discoveries,  iodine  is  at  this  tune  never  used  al<»}e  as  the  sensitive 
agent.  It  is  either  combined  with  chlorine  or  bromine ;  and  the  compound  vsfours 
are  either  used  at  onoe,  or  the  difiSureat  vapours  are  employed  successively. 

Matkod  of  ApylyUiig  lliip  B«Dsitiwe  Tapmurp— Whatever  be  the  vapow 
employed  for  the  purpose  of  rendering  a  Daguerreotype  plato  sensitive,  the  usual  plfV  '- 
of  application  is  as  follows,;'**The  solution,  or  other  material  from  which  vapour  is  to 
be  evolved,  being  f^ed  in  a  glass  or  porcelain  dish,  the  metallic  ^ato  to  be  fcted 
upon  is  attached  to  the  cover  of  the  di«h,  and  inverted  over  the  vapour,  ui^til,  on 
renK>ving  the  plato  from  time  to  time,  certain  conventional  tints  appear;  guided  by 
these  the  operator  knows  when  the  process  has  been  carried  to  a  suil^ient  ^extSMt 
On  the  supposition  that  the  prooess  of  rendering  sensitive  is  conductod  by  suooeesive 
operations,  of  which  iodising  is  the  first,  the  f:>Uowing  details  will  be  applicsble. 

ZodiaSae. — k  few  crystals  of  iodine  being  evenly  distributod  over  the  bottom  ef 
the  pan,  the  plate  to  be  affected  is  to  be  attached  to  the  cover,  and  superimposed.  The 
iodine  vigour  will  now  rise,  attach  itself  to  the  sUyer,  and  produce  various  suQoesai¥^ 
tints  in  the  following  order : — 

Pale  yellow, 

Deep  yellow. 

Blood  red, 

Eose  colour. 

Blue. 
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The  Qoloiir  now  teemingly  difl^ypean,  although  in  reality  the  plato  bocomoa  yellow 
•gaia ;  and  by  oonthnring  the  opcntioii,  the  ohromatic  aerica  will  bo  repeated  in  its 
faoBMr  Qfder.  If  iodine  ia  to  bo  tbo  only  aenaitive  agent  employed,  then  the  second 
yaUow  conetponda  with  the  most  senaitiye  epoch ;  therefore,  on  observing  this  colour 
ihe  plate  ahonld  be  remored.  li^  however,  oa  is  now  usual,  some  additional  sensitiYC 
^gOBt  haa  to  be  applied,  the  operator  is  allowed  a  for  wider  range  of  colour  to  select 
from.  The  epoch  corresponding  with  either  colour  of  the  aeries  may  be  selected;  but 
xaqwxea  ita  own  conesponding  tint  to  be  developed  in  the  next  operation. 
boosl— atton  of  lanaHlwn— — STO«ln<. — A  plate  already  exposed  to  the 
of  iodine  haa  its  sensitiyeness  much  increased  by  subsequently  acting  upon  it 
by  meana  of  bromine.  The  most  usual  plan  of  employing  this  agent  consists  in  obtaining 
m,  aqneona  acdntioa;  to  the  vapour  arising  from  which  the  pkte  is  exposed. 

M  Bromiaa  water/' «a  it  ia  teobnioally  called  ia  the  language  of  Dagueireotypic  art,  is 
fEodaoed  aa  foUowa  >- 

Fixat  Bsake  a  aatorated  aqiuoui  solution  of  bromine,  by  dropping  aome  of  this  body 
JBfea  vmier,  agitating,  allowing  subsidenoe  to  take  place,  and  finally  decanting  all  the 
water  which  remains  floating  above  the  yet  undissolved  bromine.  One  part  of  this 
■IntaoQ  added  to  forty  parts  of  diatiUed  water  ooaatitutea  the  bromine  water,  of  which 
Jlie^fBponr  ia  amploj^  by  expoaing  the  already  iodiaed  plate  to  it  in  a  vessel  similar 
li  ftct  aliMdy  employed  in  the  iodising  proceaa.  According  to  Mr.  Bingham,  there  is 
aaoRieaiMinding  tint  with  bromine  vapour  for  every  tint  already  developed  with  iodine, 
aad  at  wliiah  the  maTimnm  amount  of  suecessful  e£Eect  wtU  be  developed.  A  tabular 
view  of  Uuaa  tinta  baa  been  drawn  up  by  this  gentleman,  and  which  ia  here  appended. 


1st.  loDms. 

Bkoxxme. 

Straw  Cdonr. 

Yellow. 

Full  Yellow. 

light  Yellow. 

Gkdden  Yellow. 

Boae. 

Golden  Yellow. 

Light  Rose. 

DeepBoee. 

Blood  Bad. 

Damask  Rose. 

Light  Blue. 

DaauakBoae. 

Deep  Bose. 

Blue. 

BeepBoae. 

Light  Blue. 

■ 

Indication  of  Second 
YeUow. 

Thia  table  ia  drawn  up  in  anticipation  of  the  third  process  oi  development,  not  yet 
lUBtionedy  and  which  connsts  in  submitting  the  plate  once  more  to  the  agency  of 
iodijM  vapour. 

Instead  of  using  the  bromine  and  iodine  separately,  they  may  be  combined,  and  the 
praoeaa  of  rendering  the  plate  aenaitive  concluded  at  one  operation. 

Solid  SonnHiwo  Areata.— A  great  disadvantage  attending  the  employment  of 
aijaeoos  aolutions  in  Daguerreotype  operations  arises  from  the  aqueous  vapour  which 
oootinually  deposits  upon  the  metallic  plate.  In  order  to  obviate  this,  certain  English 
Baguerreotypists  have  recommended  the  use  of  what  are  ordinarily  termed  bromide  and 
iodide  of  lime  respectively — compounds  formed  by  bringing  hydrate  of  lime  into  direct 
contact  with  bromine  or  iodine,  and  which  ore  the  analogues  to  the  so*called  *'  chloride 
of  lime."  These  compounds  answer  perfectly  well,  and  are  exclusively  used  by  some 
of  our  moat  auccessful  operators. 
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Impiesston  of  the  Image. — ^After  the  plate  has  been  rendered  sensitiTe  by 
either  of  the  methods  already  described,  it  is  in  a  condition  for  the  image  to  be 
impressed.  This  is  accomplished  by  placing  it  in  the  camera,  and  allowing  the  decired 
image  to  be  projected  upon  it  for  a  sufficient  time,  which  depends  upon  many  drcamr 
stances,  such  as  the  power  of  sensitiyeness  acquired,  the  latitude,  time  of  the  year,  time 
of  the  day,  and  colour  of  the  object  to  be  represented.  Twelve  seconds  may  be,  how* 
erer,  regarded  as  a  medium. 

MetewlaliBation.— When  the  plate  is  remoyed  from  the  camera,  no  hm^  wiU 
be  yisible,  although  impressed.  It  is  deyeloped  by  exposing  tiie  plate  to  vapour  of  mer- 
cury, generated  at  a  temperature  not  exceeding  200"*;  by  preference,  at  a  tempen» 
ture  of  160^ 

The  apparatus  for  conducting  diis  operation  has  been  yariously  modified  to  aoittiie 
taste  of  dLBSsrent  operators :  in  principle,  however,  it  is  exceedingly  simple,  merdy 
consisting  of  a  chamber,  on  the  floor  of  which  a  little  mercury  is  deposited,  and  heat 
applied  externally,  until  the  desired  temperature  (known  by  a  thermometer,  the  bulb 
of  which  sinks  into  the  mercury,  and  the  stem  of  which  appears  extenally)  has  beoa 
acquired. 

&emowliis  tha  Bsceaa  of  SobsUIto  CtoatlBg.— As  soonastfaedevdopiiMat 
of  the  picture  has  been  completed,  the  excess  of  senaitive  coating  remaining  jxptm  it 
must  be  removed,  whidi  is  accomplished  by  washing  it  with  an  aqneana  aolntion  si 
hyposulphite  of  soda,  and  finally  with  distilled  water.  The  proper  tizengtii  of  tiia 
hyposulphite  solution  is  one  ounce  of  the  salt  to  a  pint  of  water.  The  pcooeaa  ia  ooiw 
ducted  by  plunging  the  plate,  ftce  upwards,  into  the  aolutioii,  already  pound  into  a 
porcelain  dish ;  then  removing  it,  and  finally  washing  with  distilled  water. 

CMMIbs  tko  Vlato.— ^There  are  two  plans  of  acoompUahing  thia-^thor  hy 
means  of  the  hyposulphite  of  gold,  or  by  a  mixture  of  chloride  of  gold  and  hyposul- 
phite of  soda.  The  usual  strength  of  hyposulphite  of  gold  is  fifteen  grains  to  a  pint  or 
water.  If  hyposulphite  of  soda  and  ohlottde  of  gold  be  used,  the  solution  is  to  be  ^e- 
pai«d  as  foUowa  >— 

Dissolve  IS  giains  of  CTystdUxed  chloride  of  gold  in  a  pint  of  distilled  water,  and 
45  grains  of  hyposalphite  of  soda  in  ano^w  pint ;  next  inoatponte  the  BBixtmes 
gntdnaUy  by  pouring  the  chloride  into  the  hyposulphite.  The  operation  of  gilding  is 
conducted  by  placing  the  plate  fiat,  and  pouring  upon  the  impressed  &oe  snificiait  of 
the  liquid  te  cover  it  The  fiaifee  of  a  «pirit4amp  is  now  vety  oantioosly  allied 
underneath.  Presently  the  image  will  turn  Uaddsh ;  but  gradually  recovering  its 
hEoCi^  win  hecoiBfee  flur  more  hriHiant  than  before.  It  is  now  to  be  eeiaed  at  one 
comer  by  means  of  a  pair  of  pliers^  waabcd  with  ^Sstillcd  water;  and  carefiolly  dried. 
Hie  «a£?«t  planof  drring  consists  in  dipping  the  plate  into  hot  distilled  water,  soddenly 
remorhig  it  and  promoting  erapoiatio'n  by  blowing  upon  its  sor^soe. 

•ottOMd  Clioiteal  Bftaeta  aC  Ham  OUaaUU  Bn<tla»t  Mattar*— Tha 
subjects  of  Caloitype  and  I>agMrrMype  hat«  been  €9ilaxgcd  vqpon  becsnse  of  tiieir 
pfaccical  impcAtance,  radicT  ^lan  in  consequesKte  of  their  affording  any  precise  indica* 
tMias  of  thc^  immediate  cau9c.  To  aver  that  these  phcnoimcnaan' dependent  upon  aome 
«)mnicftl  agency,  manifofitcd  by  the  tnmboam,  is  only  t^t  express  a  fsct. 

I  shall  conclude  the  sn>9cct  by  notkang  a  i^w  of  the  instasrices  in  which  the  solar 
rays  a^foct  chemical  dccompositkm. 

It  is  well  known  tc  gardeners  and  i^(!:ricultartsts  that  growiv^  Ttt^retaUes  inquire  to 
be  exposed  to  Ught.    Most  pnibib^,  the  cxpR^onahouMViiicdificdt^ 
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*^  tithonicitj/'  VegetaUei  whioh  grow  in  darkness  are  neyor  vigorous ;  more  or  less, 
tlimr  natural  secretions  are  modified,  and  their  colour  altered ;  their  structure,  too,  is 
watery.  Under  those  oircumstanoes,  they  do  not  appear  to  have  been  able  to  decompose 
eazlKniio  acid  and  fix  the  carbon  necessary  to  their  sustenance.  A  knowledge  of  ^ese 
eirenmstances  lies  at  the  basis  of  many  horticultural  operations.  Celery  and  endive  are 
rendered  delicate  by  studiously  protecting  them  from  the  light  For  Uie  same  reason, 
tha  interior  of  a  Mhbage  is  white.  Not  only  is  there  a  difference  in  the  colour  of 
v^etablee  thus  oiroumstanoed ;  there  are  also  differences  of  chemical  composition. 
The  secretions  are  all  modified.  Thus,  wild  celery  is  rank  and  somewhat  poisonous, 
gsrden  celery  is  innocuous,  wild  sea-kale  is  so  disagreeable  to  the  taste  that  it  could  not 
be  eaten  without  diBgnst— cultivated  sea-kale  is  tender,  and  almost  insipid. 

Although  the  general  influence  of  solar  rays  on  vegetable  life  is  so  well  known,  the 
immedutte  mode  of  agency  of  the  power — "actinism,"  "tithonicity,"  "energia,"  or 
whatever  we  may  call  it—is  still  unknown. 

Mr.  Bobert  Hunt,  who  has  devoted  so  much  of  his  attention  to  the  study  of  non- 
eslorific  non-luminous  radiant  matter,  hss  arrived  at  some  curioiis  deductions  relative 
to  I3ie  influence  of  solar  rays  on  vegetables.  He  finds  that  yellow  light  is  more 
mifiLVonrable  than  any  other  to  vegetation — ^blue  or  violet  the  most  favourable.  Kow 
it  baa  been  already  shown  that  these  colours  correspond  with  the  maximum  and  mini- 
uom  dhemical  eflbot  in  heliographic  processes. 

Fisasing  inm  the  natural  chemical  operations  of  horticulture  and  agriculture  to 
fliose  of  the  laboratory,  abundant  instances  can  there  be  shown  of  the  influence  of 
diwmcally-acting  radiant  matter.  Chlorine  and  hydrogen  gases  may  be  retained  mixed 
in  the  dark  fbr  an  almost  indefinite  period ;  exposed  to  diffuse  light,  a  slow  combination 
tdoBB  place, — but  if  exposed  to  the  broad  glare  of  sunlight,  then  combination  ensues 
with  sncli  readiness  that  an  explosion  is  the  result  Moreover,  it  is  a  curious  fact, 
that  if  chlorine  be  exposed  to  the  action  of  the  sunbeam,  and  afterwards  mixed  with 
hydrogen,  it  will  have  acquired  the  power  of  combining  with  the  latter. 

Ghhnrine  and  carbonic  acid  Amush  another  parallel  instance.  If  allowed  to  remain 
in  contact  in  the  dark,  those  gases  will  not  unite  ;  but  mixed  and  exposed  to  sunlight, 
oombination  ensues,  and  phosgen  gas,  as  it  is  called,  with  reference  to  the  cause  of  its 
generation,  results.  Sir  Bobert  Kane  has  mentioned,  in  addition  to  the  above,  two  very 
eorioiia  instances  of  chemical  action  promoted  by  solar  beams.  In  the  dark,  or  a 
moderately  darkened  room,  chlorine  exerts  scarcely  any  action  on  pyroxylic  spirit ; 
wiiereas,  in  sunshine,  combination  ensues  with  explosive  violence.  But  the  second, 
and  atiU  more  curious  exemplification  mentioned  by  Sir  Bobert  Kane,  is  the  follow- 
ing:— 

When  that  gentleman  was  in  Paris,  operating  in  concert  with  Professor  Dumas,  ho 
sneoeeded  in  removing,  by  means  of  chlorine,  two  equivalents  of  hydrogen  from 
teetone,  ^htmfnng  it  fiK>m  the  original  composition,  indicated  by  the  formula  C^  H,  0, 
to  a  chlorine  compound  indicated  by  C,  H  CI,  0.  On  no  occasion,  howcveiv-even  during 
the  height  of  summer,  when^operating  at  Dublin — could  he  succeed,  by  a  similar  treat- 
ment, in  removing  more  than  one  equivalent  of  hydrogen,  and  generating  the  com- 
pound indicated  by  0,  H,  CI  0. 

The  fiaregoing  examples  will  serve  to  impress  the  student  with  the  importance  of 
that  connexion,  yet  but  ill  understood,  subsisting  between  chemical  action  and  that 
peculiar  associate  of  light  which  has  been  termed  by  different  chemists  actinism, 
I  tithonism,  and  energia. 
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Xiominovi  Spip<^o  Dispeision.— The  term  epi^(^  dispersion  iras  fim 
applied  by  Sir  John  Herschel  to  indicatd  a  serie»  ol  pAiMicttieiia  which  haVe  slao'  htoefl 
studied  hj  Sir  Bavid  Breirster)  bat  still  more  oarefblly  by  ProfeflKir  Stoikss  of  Qmtk' 
bridge.  This  latter  pMoso^er  has  armed  at  tome  yery  impeitant  conohMiMa 
relative  to  the  class  of  phenomena  in  question ;  the  moat  tiiildng  of  which  being,  thM 
the  prismatic  spectmm  is  not  composed  of  the  three  ditfinrent  agents,  heat,  li^^  aiMl 
actinism,  but  probably  two,  light  and  actinism  being  different  functions  of  the  aasaa^} 
and  it  may  be  that  even  the  heating  part  of  the  tpectnia  it  only  a  ihixd  Yttiety  ol 
manifestation  of  one  and  the  same  agent. 

In  anticipation  of  the  ezperimente  by  which  Professor  Stokes  arrivea  at  his  ooiieln- 
sions,  it  may  be  here  stated  that  he  imaginee  hie  inTestigationa  wattant  the  oonolMita 
that  the  refrasgibility  of  light  for  each  colour  ia  not  fixed  and  invariable  «i^  wdtfe.  the 
time  of  Newton,  has  been  nniversally  imagined,  but  that  light  of  one  odour  adliita^ 
being  changed,  under  certain  circimistances,  into  light  of  another  colour ;  and,  ttOl 
curiously  still,  that  the  actinic  or  non-'luminous  part  of  1^  prismatic  speotrna  adBits, 
under  certain  circumstances,  of  being  rendered  visible. 

The  phenomenon  to  which  the  attention  of  Sir  J.  Hersehel  was  fisst  ditfeoted  in 
relation  to  epipoHc  dispersion  of  light  is  one  that  most  persona  wiU  have  notioed.  If  a 
weak  solution  of  pharmaceutical  disulphate  of  quinine  in  water,  slightly  acidulated  witil 
sulphuric  acid,  be  regarded  under  certain  conditions  of  daylight,  a  pecnliar  blue  opaSim^ 
cence  will  be  observed  to  pervade  its  surfeoe,  and  to  extend  a  atort  way  down  into  its 
bulk ;  but  if  the  light,  which  has  once  been  transmitted  through  a  solution  of  sulpha^i 
of  quinine,  be  made  to  impinge  on  another  solution  preeisely  similafr  in  all  respecd,  tht 
ori^al  phenomenon  will  not  be  repeatedy-^thus  leading  to  the  infesenee  that  (to  user  A 
popular  expression)  some  peculiar  quality  of  the  light  has  been  remorred,  or.straioad 
away. 

In  one  experiment  performed  by  Sir  J.  Hersehel,  in  which  sunlight  was  ussdi 
a  pale  blue  flame  estended  to  neariy  half  an  inch  from  the  surfaoe.  As  regards  tht 
dispersed  light,  this,  when  analysed  by  a  prism,  was  found  to  consist  of  rays  extending 
over  a  great  range  of  refrangibility ;  the  less  refrangible  extremity,  however,  of  the 
s^ctrum  was  wanting.  The  dispersed  light,  on  being  analy2ed  by  a  tourmaiias^ 
showed  no  signs  of  polarisation.  Another  experiment  showed  that  the  dispersed 
light  was  periiapB  incapable,  at  any  rate  not  peculiarly  susoeptiblei  of  beiog  again 


Such  is  the  nature  of  the  phenomenon  as  evidenced  by  a  solution  of  disulphate  ef 
quinine ;  numerous  other  bodies,  however,  both  solid  and  liquid,  manifest  a  similai 
property.  Some  time  before  the  attention  of  Sir  John  Hersehel  had  been  drawn  to 
the  peculiar  phenomena  of  blue  epipolio  dispersion  in  a  quiniferous  solution.  Sir  David 
Brewster  had  noticed  a  peculiar  exhibition  of  t^d  light  by  certain  green  vegetaUe 
solutions— the  green  matter  of  leaves,  for  example.  In  this  case  the  colour  is  nol 
limited  to  a  thin  stratum  of  the  surfhce,  as  is  the  case  with  a  quiniferous  liquid ;  b«t 
Professor  Stokes,  nevertheless,  considers  it  to  be  a  phenomenon  of  the  same  kind.  £1 
both  cases  the  curious  point  for.  contemplation  was  this : — A  ray  of  light  by  passing 
across  a  stratum  of  liqtiid  was  deprived  of  the  power  to  reproduce  the  origiiud  eflbet; 
still,  in  no  other  respect  did  it  appear  to  be  altered.  "  I  found  myself,  therefore," 
remarks  Professor  Stokes,  *'  feirly  driven  to  suppose  that  the  change  of  nators  iwmm'ttiid 
in  a  change  of  reifrangibiliity.  From  the  time  of  Newton  it  had  been  beLbeved  that 
light  retains  its  refirangibility  through  all  the  modifications  which  it  may 
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NeyeriheleBS,  it  seemed  to  me  less  improbaUo  that  the  refraagibility  of  light  should 
hare  changed,  than  the  tmdiilatory  theory  should  have  remained  at  {elvM,  Wo  havo 
only  to  suppose  that  the  invisiUe  rays  beyond  the  extreme  yiolet  giye  rise,  by  internal 
diapersion,  to  others  which  fidl  within  the  limits  of  refrangihilityy  bctwten  which  the 
retina  of  the  human  eye  is  affected,  and  the  explanation  is  ohviouf .  The  narrowness 
of  the  blue  hand  ohaenredr  by  Bir  John  Hcrsohel  would  merely  indicate  that  the  fluid, 
ftongh  highly  transparent  with  regard  to  the  visible  rays,  was  nearly  opaque  with 
regard  to  the  invisible  ones.  According  to  the  law  of  continuity,  the  passage  itom 
almovt  perlbct  transparency  to  a  high  state  of  opacity  would  not  take  place  abruptly. 
We  should  thus,  too,  have  on  immediate  explanation  of  a  remarkable  circumstance 
oonnected  with  the  blue  band— namely,  that  it  con  hardly  be  seen  in  strong  candle- 
light, though  readily  seen  by  even  wei^  daylight ;  for  candle-light,  as  is  well  known, 
is  deficient  in  the  chemical  rays  situated  beyond  the  extreme  violet^ 

Altbough  a  solution  of  disulphato  of  quinine  is  the  body  in  which  the  phenomena 
of  internal  luminous  dispersion  wero  first  studied,  it  is  by  no  means  the  only  one ;  nor 
is  it  even  that  in  which  the  phenomenon  in  question  is  most  strikingly  developed.  The 
fiiDowing  list  comprehends  the  substances  in  which  the  quality  of  internal  luminous 
Hsperaion  is  most  observable  :— 

LIST  OF  HIGHLY  SENSITIVB  8T7B8TANCE6. 

Glass,  coloured  by  perozide  of  uranium,  yellow  uranite^  nitrate  or  aeetate  of  the 
poroxide.  Probably  varioos  other  salts  of  the  peroxide  would  do  as  well.  The 
ibscvptioii  bands  of  the  salts,  whether  sensitive  or  not,  of  peroxide  of  uranium,  ought  to 
be  studied  in  connexion  with  the  change  of  refrangibility. 

A  solution  of  the  green  colouring  matter  of  leaves  in  alcohol.  To  obtain  a  solution 
▼hi«}h  will  keep,  it  is  well  previously  to  steep  the  leaves  in  boiling  water.  The 
sLoohol  should  not  be  left  pennanently  in  contact  with  the  leaves,  unless  it  be  wished 
to  observe  the  changes  which,  in  that  case,  take  place ;  but  poured  off  when  the 
ilnngth  of  the  solution  is  thcmght  suffidont.  Also  the  solution,  when  out  of  use, 
anstbe  kept  in  the  dark. 

A  weak  solution  of  the  bark  of  the  horse-chestnut. 

A  weak  solution  of  sulphate  of  quinine— t. «.,  a  solution  of  the  common  disulphato, 
in  very  weak  sulphuric  acid.  Various  other  salts  of  quinine  aro  nearly,  if  not  quite, 
as  good. 

Floor  spar  (a  certain  green  variety). 

Bed  sea-weeds^  of  various  shades ;  a  solution  of  the  red  colourifig  matter  in  cold 
vater.    If  a  solution  be  desired,  a  sea- weed  must  be  used  which  has  never  been  dried. 

A*solutian  of  the  seeds  of  JDcUura  stramonium  in  alcohol,  not  too  strong. 

Various  solutions  obtained  from  archil  and  litmus. 

A  decoction  of  madder  in  a  solution  of  alum. 

,  Paper  washed  with  a  pretty  ^Bt^ong  solution  of  sulphate  of  quinine,  or  with  a  sqlu- 
tioa  of  stramonium  seeds,  or  with  tincture  of  turmeric.  The  sensibility  of  the  last 
paper  is  increased  by  washing  it  with  a  solution  of  tartaric  acid.  This  paper  ought  to 
be  kept  in  the  dark. 

A  solution,  not  too  strong,  of  guiacum  in  alcohol. 

Safflower-red,  scarlet  cloth,  substances  dyed  red  with  madder,  and  various  other  dyed 
articles  in  common  use.  ( 
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Many  of  the  solutions  here  mentioned  are  mixtures  of  various  compounds.  Of 
course  if  the  sensitiye  substance  can  be  obtained  chemically  pure  it  will  be  all  the 
better. 

The  following  are  the  chief  deductions  which  have  been  arrived  at  from  a  consi- 
deration of  Professor  Stoke's  experiments  :— 

1.  In  the  phenomena  of  true  internal  dispersion,  the  tefrangibility  of  light  is 
changed,  incident  light  of  definite  refrangibility  giving  rise  to  dispersed  light  of 
various  refrangibUities. 

2.  The  refrangibility  of  the  incident  light  is  a  superior  limit  to  the  refrangibility 
of  the  component  parts  of  the  dispersed  light. 

3.  The  colour  of  light  is  in  general  changed  by  internal  dispersion,  the  new  colour 
always  changing  to  the  new  refrangibility.  It  is  a  matter  of  perfect  indifference 
whetiier  the  incident  rays  belong  to  the  visible  or  invisible  part  of  the  spectrum. 

4.  The  nature  and  intensity  of  the  light  dispersed  by  a  solution  appears  to  be 
strictly  independent  of  the  state  of  polarization  of  the  incident  rays.  Moreover, 
whether  the  incident  rays  be  polarized  or  unpolarized,  the  dispersed  light  offers  no 
traces  of  polarization.  It  seems  to  emanate  equally  in  all  directions,  as  if  the  fluid 
were  self-luminous. 

6.  The  phenomenon  of  a  change  of  refrangibility  proves  to  be  extremely  common, 
especially  in  the  case  of  organic  substances,  such  as  those  ordinarily  met  with,  in 
which  it  is  almost  always  manifested  to  a  greater  or  less  degree. 

6.  It  affords  peculiar  facilities  for  the  study  of  the  invisible  rays  of  the  spectrom 
more 'refrangible  than  the  violet,  and  of  the  absorbing  action  of  media  with  respect  to 
them. 

7.  It  furnishes  a  new  chemical  test  of  remarkably  searching  character,  which  seems 
likely  to  prove  of  great  value  in  the  separation  of  organic  compounds.  The  test  is  spe- 
cially remarkable  for  this,  that  it  leads  to  the  independent  recognition  of  one  or  more  sen- 
sitive substances  in  a  mixture  of  various  compounds,  and  shows  to  a  great  extent,  before 
such  substances  have  been  isolated,  in  what  menstrua  they  are  soluble,  and  with  what 
agents  they  enter  into  combination.  Unfortunately,  these ^  observations,  for  the  most 
part,  require  sunlight. 

8.  The  phenomena  of  internal  dispersion  oppose  fresh  difficulties  to  the  supposition 
of  a  difference  of  nature  in  luminous,  chemical,  and  phosphorogenio  rays,  but  are 
perfectly  conformable  to  the  supposition  that  the  production  of  light,  of  chemical 
changes,  and  of  phosphoric  excitement,  are  merely  different  effects  of  the  same  cause. 
The  phosphorogenio  rays  of  an  electric  spark,  which,  as  is  already  known,  are  inter- 
cepted by  glass,  appear  to  be  nothing  more  than  invisible  rays  of  excessively  high 
refrangibility,  which  there  is  no  reason  for  supposing  to  be  of  a  different  nature  from 
the  rays  of  Ught. 

The  reader  who  desires  further  information  relative  to  this  novel  and  curious 
subject  will  find  it  treated  at  greater  length,  and  in  a  more  practical  manner,  in  the 
volume  of  Applied  Chemistry,  which  will  succeed  this  volimie. 
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OF  HEAT  OR  CALORIC. 

Oeneial  Obflezratioiui  on  KeaU— When  we  apply  the  hand  to  a  body  which 
is  hotter  than  itself  we  are  sensible  of  a  peculiar  feeling,  which  we  agree  to  call  the 
sensation  of  heat.  At  the  same  time  we  observe,  in  almost  all  bodies  that  are  placed  in 
the  same  situation  with  the  hand,  certain  effects,  the  most  remarkable  of  which  is  an 
enlargement  of  their  dimensions.  These  circumstances,  with  very  few  exceptions,  so 
constantly  accompany  each  other,  that  we  can  haye  no  hesitation  in  referring  them  to 
one  and  the  same  cause.  Of  the  nature  of  this  cause  wo  have  no  satisfeuitory  evidence ; 
and  we  are  unable  to  demonstrate  either  that  it  consists  in  any  general  quality  of  bodies, 
or  that  it  resides  in  a  distinct  and  peculiar  kind  of  matter.  The  opinion,  however, 
which  best  explains  the  phenomena  is  that  which  ascribes  them  to  an  extremely  subtile 
fluid,  of  so  refined  a  nature  as  to  possess  no  sensible  weight,  and  to  be  capable  of 
insinuating  itself  between  the  particles  of  the  most  dense  and  solid  bodies.  To  this 
fluid,  as  well  as  the  sensation  which  it  excites,  the  term  heat  was  formerly  applied. 
But  there  was  thought  to  be  an  obvious  impropriety  in  confounding  under  one  appella- 
tion two  things  so  distinct  as  a  sensation  and  its  cause ;  and  the  term  caloric,  first 
proposed  by  Lavoisier,  is  now  frequently  adopted  to  denote  the  cause  of  heat.  Occa- 
sionally, however,  in  order  to  avoid  too  frequent  repetition  of  the  same  word,  the  term 
heat  is  still  employed  in  a  more  extensive  sense,  to  express  not  only  the  sensation  which 
it  usually  denotes,  but  also  some  of  the  modifications  of  caloric ;  and  as  the  context 
generally  shows  in  which  sense  the  term  is  to  be  understood,  I  shall  not  scruple  to  use 
it  in  hoiOa, 

Caloric,  so  far  as  its  chemical  agencies  '9xe  concerned,  may  be  chiefly  considered 
under  two  views — as  an  antagonist  to  the  cohesive  attraction  of  bodies,  and  as  concurring 
with  and  increasing  elasticity.  By  removing  the  particles  of  any  solid  to  a  greater 
distance  from  each  other,  their  cohesive  attraction  is  diminished;  and  one  of  the 
principal  impediments  to  their  imion  with  other  bodies  is  overcome.  On  the  other 
hand,  caloric  may  be  infused  into  bodies  in  such  quantity  as  not  only  to  overcome 
cohesion,  but  to  place  their  particles  beyond  the  sphere  of  mutual  attraction.  Thus, 
in  the  class  of  substances  called  gases,  the  base  or  ponderable  ingredient,  whether  solid 
or  [liquid,  is  dissolved  in  so  much  caloric,  that,  with  few  exceptions,  the  bases 'of 
different  gaseous  bodies  do  not  unite  by  simple  mixture  of  the  gases  themselves.  But 
if  of  two  gases  we  employ  either  one  or  both  in  a  state  of  great  condensation,  the 
gravitating  matter  of  both  unites,  and  forms  a  new  compound.  Hydrogen  and  nitrogen 
gases,  for  example,  may  be  mingled  together,  in  the  proportions  adapted  to  form 
ammonia,  without  any  production  of  that  compound.  But  if  hydrogen,  in  what  has 
been  called  its  nascent  state  (that  is,  before  it  has  acquired  an  atmosphere  of  heat,  and 
become  gaseous),  be  brought  into  contact  with  nitrogen  gas,  anmionia  is  then  generated. 
In  many  cases,  also,  when  two  bodies  are  combined  together,  one  of  which  is  fixed,  and 
the  other  becomes  elastic  by  imion  with  caloric,  we  are  able,  by  its  interposition  alone, 
to  effect  their  disunion.  Thus  carbonate  of  lime  gives  up  its  carbonic  acid  by  the 
mere  application  of  heat. 

"We  may  consider,  then,  all  bodies  in  nature  as  subject  to  the  action  of  two  opposite 
forces — the  mutual  attraction  of  their  particles  on  the  one  hand,  and  the  repulsive  power 
of  caloric  on  the  other ;  and  bodies  exist  in  the  solid,  liquid,  or  elastic  state,  as  one  or 
the  other  of  these  forces  prevails.    "Water,  by  losing  caloric,  has  its  cohesion  so  much 
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iticrewitidf  that  It  aMUDies  tUe  solid  fonn  of  ice ;  adding  caloric,  we  dimiTiiah  its  cohe- 
sion, and  again  render  it  fluid ;  and  finallj,  by  a  still  farther  addition  of  caloric,  we 
change  it  into  vapour,  and  give  it  no  much  elasticity,  that  it  may  be  rendered  capable 
of  bursting  the  strongest  vessels.  In  many  liquids,  the  tendency  to  dasticity  is  even 
80  great,  that  they  pass,  at  common  temperatures,  to  the  gaseous  form,  by  the  mere 
removal  of  the  weight  of  the  atmosphere. 

Cttbric,  like  all  other  bodies,  may  exist  in  two  different  states — in  a  state  of  free- 
dom, and  in  a  state  either  of  combination  or  of  something  nearly  resembling  it.  In 
the  formar  state  it  is  capable  of  exciting  the  sensation  of  heat,  and  of  producing  expan- 
sion in  other  bodies.  To  this  modification  the  terms  free  or  uneombined  eahricj  or  edhrie 
of  teinpertUttret  have  been  applied.  By  the  term  temperature,  we  are  to  understand  the 
state  of  a  body  relatively  to  its  power  of  exciting  the  sensation  of  heat,  and  occasioning 
expansion ;  efteets  which,  in  all  probability,  bear  a  proportion  to  the  quantity  of  free 
calorio  in  a  given  spaco,  or  iw  a  given  quantity  of  matter.  Thus,  :what  we  call  a  high 
tempei-atiu-e  may  be  ascribed  to  the  proBcnco  of  a  largo  quantity  of  fi^e  caloric  ;  and  a 
low  temperatui-o  to  that  of  a  Hmnll  quantity.  AVo  arc  unacquainted,  however,  with  the 
oxtremes  of  teraperaturo  ;  and  may  compare  it  to  a  chain,  of  which  a  few  of  the  middle 
linka  only  are  exposed  to  our  observation,  while  its  extremities  are  far  removed  from 
our  viuw. 

The  dogree  of  expansion  produced  by  caloric,  it  will  afterwards  appear,  bears  ft 
suiBoient  proportion  to  its  quantity-  to  affbrd  us  a  moans  of  ascertaining  the  latter  mth 
tiilerable,  though  not  perfect  accuracy.  In  estimating  temperature,  indeed,  our  senses 
are  extremely  imperfect ;  for  we  compare  our  sensations  of  heat,  not  with  any  fixed  or 
wuitbrm  ataudartl^  \>\\t  with  those  sensations  of  which  we  have  had  immediately  previous 
experience.  The  same  jvortion  of  water  will  feel  warm  to  one  hand  removed  from 
tk\ntact  with  snow,  and  cold  to  the  other  hand  which  has  been  heated  before  the  fire. 
IV  ccmveVi  thcrei^MA  any  precise  notion  of  temperature,  we  are  obliged  to  describe  the 
degi^>  vxf  exi>ansivxn  produced  in  some  one  body,  which  has  been  previously  agreed  upoa 
AS  a  standard  of  ccampaiison.  Tlie  standard  most  commonly  employed  is  a  quantity  of 
qutckai)v<'r«  o\vatained  in  a  glass  ball*  which  terminates  in  a  long  narrow  tube.  TtoB 
imtrument,  called  a  th^rmomttvr^  is  of  the  most  impoortant  use  in  acquiring  and  recording 
v^ur  knowle^g^  of  the  propcrtie«i^  and  laws  of  caloric.  The  thermometer,  however,  it 
must  be  obvickus,  is  no  otherwise  a  measurer  of  the  quantity  of  caloric  than  as  it  ascer- 
tains the  amount  of  v.xne  of  its  }>rincipal  efi^ts.  In  this  i««pect>  it  stands  in  much  the 
saBBk(^  predicament  as  the  hy^i\>saeter?  of  Saussure  or  Dehwr,  wh«i  considered  as  means 
v>f  (jieteifiuBiBg  the  uioimux''  >>f  the  atmosphere,  ^lese  la?t  instruments,  it  may  he 
n»SM»&bez>ed»  asrv  vviapoaed  s>f  9*Mnfi  subataaee  (such  as  a  hmiua  hair  or  a  sHp  of  whale- 
bone) whik.'h  i»  k^fl^^ithen^  M  a  moist  annoephne^  and  contracted  by  a  dry  ccc ;  and  in 
a  degrw  propoftioaate  to  the  ^Etoisture  or  dryness.  But  aK  the  isf^^rmarion  whidi 
hy^^rosieters  of  this  sort  give  iis  is  the  degree  of  mcisture  Krtween  certain  rcints  that 
&«m  the  extremities  v^r  their  sc-ales  :  aad  they  are  v^uitv  iscomj^tent  tj  ^Kascre  Ac 
^iSsohnte  vi^Tiaatitj-  of  wa>>ry  v^'khit  ia  the  air. 

la  ex?2aiii*3g  those  prv»perties  aad  liws  .^i"  v.*a!eric  which  aa^e  become  Isrwa  to  us 
>y  aivd]^*  v>i  the  ti^riib.'HK'tci-.  i:  ip^'oarj  a  sudicivccly  aararal  ir^isictt  jf  the  sabject  to 
ioscribe,  irstS*.  th*,*se  jdBevts  wbk'ii  jal'.vic  ^.xhices*  without  !c*a3{5  :ts  prspertie*  of 
- \ci*ia^  ^,'  *.'nsati>a  ^i  heat  n-i  .-ev-iaioiiiii^  exjaasioii ;  ind»  3t\>:ihi!y.  th .-:«  a^pjCLcies 
:u  wMvit  its  chara:teristk'  ^p^^jKfties  ire  descr«^yt.>I,  12a  in  waici  :t  ,-.3se*  tc  be 
-•.*^tti2,ibv,  by  :>ur  ><Mi3es  x  by  the  therai-.rtiKcer. 
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1b»  9xptmmm  or  iUataUM  of  bodies,  it  vill  appear,  ia  an  almost  uniyersal 
offset  ol  an  increase  of  temperature.  Its  amount,  howovcr,  is  not  the  same  in  all 
liodies,  but  difEbrs  very  essentially.  By  the  same  increase  of  temperature,  liquids 
VEfKoA  moze  than  SDlids,  and  aeriform  bodies  much  more  than  cither.  Nor  is  the  same 
quantity  of  expansion  effeoted  in  the  9am$  solid  or  liquid,  at  all  temperatures,  by  adding 
aimikff  quantities  of  heat ;  for,  generally  speaking,  bodies  expand  by  equal  increments 
of  calorie,  moce  in  high  than  in  low  temperatures.  The  explanation  of  this  fact  is,  that 
ihi»  Ibrce  opposing  expansion  {tm.  cohesion)  is  diminished  by  the  interposition  of  caloric 
between  tha  particles  of  bodies ;  and,  therefore,  when  equal  quantities  of  caloric  are 
added  in  auooeiaion,  the  last  portions  meet  with  less  resistance  to  their  expansive  force 
than  the  ftral.  In  gases,  which  are  destitute  of  cohesion,  equal  increments  of  heat 
appear,  on  the  contrary,  to  be  attended  with  nearly  equal  augmentations  of  bulk. 

An  important  property  of  free  caloric,  the  knowledge  of  which  has  been  acquired 
by  means  of  the  thermometer,  is  its  tendency  to  an  equilibrium.  Twenty  or  thirty 
different  bodies,  for  instance,  oil  unequally  heated,  soon  arrive,  when  exposed  in  a  still 
atmosphere,  at  an  equality  of  temperature.  When  a  heated  ball  of  iron  is  exposed  to 
the  open  air,  the  caloric,  which  is  accumulated  in  it,  flows  out ;  and  the  temperature 
of  the  ball  is  gradually  reduced  to  that  of  the  surrounding  mediimi.  This  is  owing  to 
two  distinct  causes :  the  air  immediately  surrounding  the  ball  acquires  part  of  the 
ealoiric  which  escapes ;  and,  having  its  bulk  increased,  is  rendered  spccifictdly  lighter, 
and  ascends.  This  is  succeeded  by  a  cooler  and  heavier  portion  of  air  from  above, 
which  in  its  turn  is  expanded,  and  carries  off  a  second  quantity  of  caloric.  Hence  a 
considerable  part  of  the  caloric,  which  is  lost  by  a  heated  body,  is  conveyed  away  by 
the  ambient  air— a  property  of  which  advantage  is  taken  in  the  warming  and  ventilating 
of  iqiartments.  But  the  refrigeration  cannot  be  wholly  explained  on  this  principle ;  for 
It  has  been  long  known  that  heated  bodies  cool,  though  with  less  celerity,  under  the 
uhansted  receiver  of  an  air-pump,  and  even  in  a  Torricellian  vacuimi. 

When  tike  phenomena  accompanying  the  cooling  of  bodies  are  accurately  examined, 
it  n  found  that  a  part  of  the  caloric  which  escapes  moves  through  the  atmosphere  with 
immeasurable  velocity.  In  an  experiment  of  M.  Pictet,  no  perceptible  interval  took 
place  between  the  time  at  which  caloric  quitted  a  heated  body,  and  its  reception  by  a 
fteimometer  at  the  distance  of  sixty-nine  feet.  It  appears  also,  from  the  experiments 
of  Ihe  same  philosopher,  to  move  with  equal  ease  in  all  directions,  and  not  to  be  at  all 
fiverted^  from  its  course  by  a  strong  current  of  air  meeting  it  transversely.  Hence  it 
follows  that  the  propagation  of  caloric,  in  this  state  of  rapid  movement,  does  not  depend 
on  any  agency  of  the  medium  through  which  it  passes.  This  was  satisfactorily  proved 
by  Sir  H.  IHivy,  who  contrived,  by  means  of  the  apparatus  represented  on  the 
ftOowing  page,  to  efibct  the  radiation  of  heat  in  vacuo.  Between  the  points  of  two 
vires,  inclosed  in  glass  tubes,  which  passed  through  a  brass  plate,  was  placed  a  piece  of 
charcoal,  which  was  intensely  ignited  by  voltaic  electricity,  and  the  eflfect  of  radiation 
in  the  focus  of  the  lower  concave  mirror  was  ascertained  by  a  delicate  thermometer, 
first  when  the  receiver  was  full  of  air,  and  next  when  it  was  exhausted  to  y^.  In  the 
latter  case,  the  effect  of  radiation  was  found  to  be  three  times  greater  than  in  an 
atmosphere  of  common  density.  The  greater  rise  of  the  thermometer  in  vacuo  than  in 
air  is  to  bo  ascribed  to  the  conducting  power  of  the  latter ;  for  this  conducting  power, 
by  reducing  the  temperature  of  the  heated  body,  has  a  constant  tendency  to' diminish 
the  activity  of  radiation,  which  is  always  proportional  to  the  excess  of  temperature  of 
the  heated  body  above  that  of  the  surrounding  medium. 
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H(j»t  is  hmribk,  Mid  deroid  of  irei|^. 

It 


-Jt 


The  Istter  pfopositioii  maj  be  • 

ret^^iiiig  a  portion  o€  ofl  of  fitnol  nd 
another  of  water,  midng  the  two^  when  giett 
heat  win  he  dereiopcd.  Allowing  the  nixtaie 
to  cool,  and  finally  weic^ung  it  when  cold,  tiie 
weight  win  not  he  altered.  It  ia  dastic  nd 
repnlsiTe;  hence  two  heated  hodiea,  placed 
under  the  Tacxtam  of  an  air-pmnp^  and  admit- 
ting of  free  motion,  repel  each  other.^ 

Another  and  more  elegant  means  of  denum- 
rtrating  the  same  fact  was  pointed  out  by 
Professor  Baden  Powell.  It  is  as  follows :— If 
a  lens  be  laid  with  its  convexity  on  a  g^  plate, 


and  tho  oye  directed  vertically  upon  it,  coloured 
rings  will  be  seen  dependent,  as  was  shown  in 
the  chapter  on  light,  upon  the  varying  approxi- 
mation of  the  lenticular  convexity  to  the  ghus 
^^  plane.  If  the  combination  be  heated,  the 
colours  of  the  rings  wiU  change,  proving  that 
repulsion  has  taken  place. 

Like  light,  heat  appears  to  be  transmitted 
in  parallel  rays ;  and  when  thus  in  motion,  it 
has  boon  called  radiant  calorie.  The  compaza- 
tivo  quantities  of  caloric  lost  by  radiation  and 
by  conduction  may  bo  approximated  by  observing  what  time  a  body  takes  to  cool, 
through  Uio  same  number  of  dogroos,  in  air  and  in  vacuo.  By  experiments  of  this  kind, 
Dr%  VVaukUn  thought  ho  had  asoortoinod  that  a  body,  which  requires  five  minutes  in 
vacu^H  wtU  cool  in  air,  through  tho  samo  number  of  degrees,  in  two  minutes.  Count 
UvmifUniy  experiments  with  a  Torricellian  vacuum  givo  tho  proportions  of  five  in 
vacuo  to  tliree  in  atr.  It  will,  perhaps,  not  bo  very  remote  from  the  truth,  if  it  be 
statei!,  in  general  terms,  that  one  half  of  tho  caloric  lost  by  a  heated  body  escapes 
by  radiattotti  and  that  the  rest  is  carried  off  by  tho  ambient  atmosphere. 

The  rate  of  cooling  in  air  appears  to  bear  a  proportion  to  the  elevation  of  temperature 
i\f  a  body  alM^ve  that  of  the  surrounding  medium.  Hence,  in  part,  it  is  that  a  heated 
lMKly«  during  refrigeratiotti  loses  unequal  quantitiea  of  caloric  in  equal  times.  The 
ierie«  mokM  tonie  approach  to  a  geometrical  one.  Thus,  supposing  the  temperatoze  of 
a  body  to  be  1000  degrees  above  the  surrounding  medium — 

In  the  first  »dnut«  it  will  lose  xl!(  of  its  heat«  or  .  .  900' 
In  the  <eeo&d  .....  ^  of  tho  remainder  =  90* 
In  the  third      ^^  vxf  10  ..,.=:    9\ 

tKi«  law  of  relrigefotioiu  origiMdly  laid  down  by  Xewtoa«  though  nearly  accurate 
>    alWwteM|(^M«lu^t«-M;«.Wlwveil09^a]ld$<*Fith.--4th» 

j^ »  g»e<a^^Aia.Cfcwfc.yiqww'*>a>y,MiiW. 
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is  far  from  being  so  at  higli  ones ;  and  his  objections  have  been  fully  confirmed  by 
Petit  and  Dnlong,  who  have  proved  that  the  error  increases  as  the  temperature 
augments,  and  at  length  becomes  enormously  great.* 

According  to  M.  Quetelet,  the  following  is  an  abstract  of  the  researches  of  MM. 
Dulong  and  Petit  in  this  important  investigation : — 

When  a  body  cools,  it  is  necessary  to  take  cognisance  of  the  loss  occasioned  by 
radiation  as  well  as  that  referable  to  contact  with  the  air. 

If  it  were  possible  to  observe  the  rate  of  cooling  of  a  heated  body  placed  in  a 
vacuum,  bounded  by  a  limit  absolutely  devoid  of  heat,  and  deprived  of  the  faculty  of 
radiating,  the  velocity  of  cooling  would  decrease  in  geometric  ratio,  whilrt  the  tem- 
peratures would  diminish  in  arithmetic  ratio.  The  temperature  of  the  vacuum 
oontaining  the  heated  body  being  supposed  to  remain  constant,  the  rapidity  of  cooling 
of  the  latter,  as  regards  its  excess  of  heat  over  that  of  the  vacuum,  would  decrease,  as 
the  terms  of  a  geometric  proportion  diminished,  by  a  constant  number.  The  ratio  of 
this  geometric  progression  is  the  same  for  all  bodies,  being  equal  to  1*0077. 

The  rapidity  of  cooling  in  vacuo  for  the  same  excess  of  temperature  increases  in 
geometric  proportion,  the  temperature  of  the  inclosed  space  increasing  in  arithmetic 
proportion.  Hence  the  relation  of  the  progression  still  remains  1*0077  for  all  bodies. 
The  rapidity  of  cooling  referable  to  the  simple  contact  of  a  gas  is  altogether  independent , 
of  the  nature  of  the  surfeuw  of  such  bodies.  The  rapidity  of  cooling  due  to  the  simple 
ecmtact  of  a  fluid  varies  in  geometric  progression,  whilst  the  excesses  of  temperature 
themaelvee  vary  in  geometric  proportion.  If  the  ratio  of  this  second  progression  be  2, 
the  ratio  of  the  first  is  2*35,  whatever  may  be  the  nature,  of  the  gap,  and  the  degree  of 
its  elastic  force.  This  law  may  also  be  enunciated  by  saying  that  the  quantity  of  heat 
removed  by  a  gas  is  in  all  cases  proportional  to  the  excess  of  temperature  of  the  body 
devsted  to  the  power  of  1*233.  The  cooling  power  of  a  fluid  diminishes  in  geometric 
progression,  when  its  tension  also  diminishes  in  the  same  progression.  If  the  ratio  of 
tins  second  progression  be  2,  the  ratio  of  the  former  ia  1*366  for  air,  1*301  for  hydrogen, 
1*431  for  carbonic  add,  and  1*415  for  defiant  gas. 

The  law  may  be  presented  also  under  a  third  aspect,  as  foUows : — ^The  cooling 
power  of  a  gas  is,  ateria  paribtu^  proportional  to  a  certain  foice  of  pressure.  The 
exponent  of  this  power,  which  depends  on  the  nature  of  the  gas,  is  0*45  for  air,  0*315 
tsK  hydrogen,  0*517  for  carbonic  acid,  and  0*501  for  defiant  gas.  The  cooling  power  of 
a  gas  varies  with  its  temperature  in  such  manner  that,  provided  such  gas  be  dilatable, 
and  that  it  preserve  its  elastic  force,  the  cooling  power  will  be  diminished  by  rarefieustion 
of  the  gas,  in  direot  conunensurate  proportion  with  the  amount  of  its  augmentation  by 
heating,  in  such  a  manner  that  the  tension  of  the  gas  alone  remains  to  be  estimated. 

The  movement  of  caloric  by  radiation  occurs  only  in  free  space,  or  through  trans- 
parent media.  It  appears  to  be  the  same  through  all  the  different  varieties  of  aeriform 
bodies ;  thougih,  as  will  afterwards  appear,  the  gases  differ  materially  from  each  other 
in  their  eonductmg  pmoer.  Caloric  radiates  from  bodies  at  all  temperatures,  but  the 
quantity  radiated  in  a  given  time  bears  some  proportion  to  the  excess  of  the  temperature 
of  the  hot  body  above  that  of  the  surrounding  medium.  So  also  does  its  inUnnly  or 
ienaum^  for  the  higher  the  temperature  of  its  source,  the  more  readily,  ceteris  parHua^ 
does  radiated  caloric  penetrate  glass  and  other  diathermanousf  transparent  bodies.  And 
if  we  have  any  number  of  bodies  at  different  temperatures  in  the  vicinity  of  each  other, 

•  <•  Annals  of  Philosophy,"  vol.  ziiL  t  This  term  irill  be  presently  explained. 
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thoy  may  all,  agreeably  to  the  ingenious  theory  of  M.  Prerost,  be  considered  both  as 
radiating  and  receiving  caloric ;  but  the  hot  ones  will  radiate  more  than  they  receive, 
while  the  cold  ones  will  receive  more  than  they  radiate. 

The  process  of  radiation  appears  to  be  constantly  going  on  firom  the  surface  of  the 
earth,  and  it  is  partly  on  this  principle  that  we  are  to  explain  why  the  heat,  which  our 
planet  is  incessantly  receiving  from  the  sun,  does  not  accumulate  to  such  a  degree  as  to 
render  it  a  less  fit  habitation  for  man.  The  period  when  radiation  from  the  surface  of 
the  globe  is  most  discoverable  by  its  effects,  seems  to  be  during  the  night,  especially 
when  the  sky  is  perfectly  unclouded ;  for  a  covering  of  clouds  serves  as  a  mantle  to  tib« 
earth,  which  not  only  prevents  the  free  escape  of  radiant  heat,  but  probably  radiates  it 
back  to  the  earth's  surface.  Fnder  favourable  circumstanoes,  it  has  been  shown  by 
Dr.  Wells,  that  the  temperature  of  the  ground,  especially  when  its  covering  is  fimned 
of  some  substance  that  radiates  freely,  is  several  degrees  below  that  of  the  atmoepberie 
stratum,  a  few  feet  above  it.  It  is  this  diminished  temperature  of  the  earth's  8ur£we 
that  occasions  the  deposition  of  dew  and  hoar  frost,  which  are  always  observed  to  be 
most  abundantly  formed  under  a  clear  unclouded  sky. 

Radltont  W9$SU—Eeiative  faeUity  with  which  fmnsparent  bodies  admit  the  passage 
ofrMant  heat. — ^Thc  difficulty  with  which  radiant  heat  evolved  frx>m  certain  aooxoeB 
traverses  glass  and  other  tnmsiparent  materials,  was  noticed  at  a  very  eeriy  period ;  asd 
the  generalisation,  very  incorrect  as  wiU  be  seen,  was  arrived  at,  that  radiant  hMit  froa 
no  terrestrial  source  could  permeate  glass  or  other  transparent  body.  This  opmioa  was 
demonstrated  by  Professor  Brande,  in  the  year  1820,  to  be  erroneous,  for  one  soaiee«f 
teirestrial  radiant  beat  at  least ;  namely,  that  dcvel<^ed  from  charcoal  points  undertlM 
inHuence  of  voltaic  electricity.* 

Professor  Daniell  subsequently  demonstrated  a  similar  result  fer  iaoandesecst 
Krae.t  t. 

But  an  cxpcrimetit  is  scarcely  needed  to  ^how  *Uie  £dlacy  of  the  assumptioii.  j^ 
one  who  stands  outside  a  glass  window  whilst  a  gas  jet  is  suddenly  figbted  oiade,  mist 
be  sensible  of  the  passage  of  heat. 

The  genendivaticti  that  no  transparent  body  would  admit  the  passage  of  terrestrial 
ndiant  h«ct  being  fefund  untnabk^  a  qwsrtioii  acroae  as  to  ^e  natore  assumed  by  liie 
beat  daring  its  passage  tlurottgli  tlie  timnspanmt  body.  OntbeonehandjitwrnanfOBd 
tbal  tilie  ke«l  travened  tiie  intcvrepted  laves-  hy  ndiation,  as  it  travenes  air  and  otte 
gases :  on  the  other  hand,  it  iras  ai^ucd  that  on  <xnning  into  oontftct  with  one  side  of 
fte  Mercep^  Hyer,  Ibe  ratf  ant  heat  was  absortted^  and  passed  by  oondootioa  to  Ike 
odier  ttde  of  the  layer,  wlieiiec  if  was  finally  radiated  mway.  M.  Prevost  settled  this 
coAlroTersy  by  a  tctt  ingenioQs  experiments  He  used,  as  his  inteiposed  tnoapazant 
wreeB, «  sheet  of  water  issuing  firoa  a  ibimtain ;  «tHl  heat  was  rsoogBned  obl  the 
ftiillier  sido,  w)ii<:b  tesalt  eouM  only  be  attributable  to  the  passag^e  of  heaA  by  niia- 
tiea.  N<iit  f«ly  is  water  a  bad  eonduetor  of  best  but  the  eoaducdon,  if  it  had  taken 
flace,  wemld  lia^e  been  in  liie  dircftion  of  tlie  waler  from  the  feuntue,  mat  at  xi£^ 
iBglestoit. 

Xo  precise  gefteralication  of  the  laws  aiMing  tiie  passage  of  radiant  heat  ^faniig^ 
tnmfparent  bodiea  mus,  howef^tr,  arrivt<d  at,  until  the  Jideptiem  of  m  instmrnent  man 
4efioail»  than  the  1iwmKeae%w  as  «n  indacator  ef  tenpcvatine.  Tkis  iaetraeBHt 
w  tMud  in  ttte  rtfrwaaniWjpKer  of  Nobiii— «e  iaetmMmt  depnade^t  «m  eiwluuitj 
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as  its  prime  motiTO  agent,  and  which,  under  the  head  of  Elootricity,  will  be  ftdly 
described. 

In  the  hands  of  Signer  Melloni^*  Professors  Forbes,  Povell,  and  other  philosophers, 
this  instnunent  has  demonstrated  the  remarkable  fact,  that  the  transparency  of  a  sub* 
stanoe  has  no  neoessarj  relation  to  its  function  of  transmitting  radiant  heat.  Hence 
arises  tiio  necessity  for  terms  corresponding  with  transparency  and  opacit}',  as  applied 
to  Ii|^t.  The  expression,  tranKoUney,  has  been  applied  to  indicate  the  function  of 
allowing  the  passage  of  radiant  heat,  and  non-trttntcalency  tho  reverse.  Hence,  wc 
have  transcalent  and  non-transcalent  substances, — otherwise  called  diathermanous 
and  a-diathennanous,  and  corresponding  with  the  expressions  diaphanom  and  a-(fta- 

Melloni's  experiments  demonstrated  furthermore  that  the  ability  of  radiant  heat  to 
pass  through  transcalent  sheets,  varied  according  to  the  source  from  which  the  heat 
emanated— and  that,  of  all  substanoes  tried,  only  rock-salt  was  endowed  with  the  power 
of  transmitting  a  constant  amount  of  heat—  from  whatever  source  derived.  Hence, 
rsck-salt  is  the  most  diatiiermanous  or  transcalent  body  known,  and  may  he  considered, 
in  relation  to  heat,  as  perfectly  white  transparent  glass  is  to  light.  On  the  other  hand, 
&e  transparent  substance  which,  of  all  others,  opposes  tho  greatest  resistance  to  the 
paseage  of  radiant  heat,  is  sulphate  of  copper.  Rock-salt  transmits,  according  to 
Mdloni,  92  per  cent  of  radiant  heat  impinging  upsn  it,  from  whatever  source  derived ; 
whilst,  Ofn  the  other  hand,  a  plato  of  sulphate  of  ooppcr,  equal  or  even  less  aJs  to 
thickness,  transmits  none :  it  is  the  precise  analogue  of  opacity.  It  has  been  also 
demonstrated^  by  Melloni,  that  radiant  heat  from  any  given  source,  having  suffered 
diminution  by  passing  through  a  transcalent  medium,  should  bo  capable  of  passing 
timmg^  other  nmilar  media  with  less  proportionate  loss  than  it  experienced  on  passing 
thnmgh  the  first.  Thus,  the  heat  which  has  already  traversed  ono' plate  of  glass, 
beeomeB  less  susceptible  of  absorption  on  passing  through  others ;  and  on  establishing 
the  proportion  of  loss  in  a  thousand  parts,  it  was  found  that  of  1000  rays  of  heat  from 
Ihe  Ibme  of  an  oil  lamp,  4^1  were  intercepted  by  four  plates  of  glass  of  equal  thickness. 
Of  tiiese  rays,  881  were  intercepted  by  the  first  plate,  43  by  the  second  -pbate,  18. by  the 
tiiird,  «nd  the  remaining  9  by  the  fourth.  This  result  leads  to  the  suppoeition^Hiat  just 
m  thore  are  diftrent  colours  of  light,  so,  if  the  term  be  permitted,  are  there  diffiBrent 
eoloiiai  of  heat ;  that  radiant  heat  consists  of  a  mixture  of  these  coloors,  from  wliioli 
one  or  more  having  been  abstracted  by  one  particular  medium,  the  transmitted  lieat 
lafiatet  throng  otlier  media  of  similar  kind  wiChout  subsequent  loss. 

It  faaa  been  pectineatly  remarked  by  Professor  Baden  PoweIl,t  that  the  per  oentage 
L  of  light  transmitted  through  screens,  as  employed  by  Melloni,  creates  f^ 
L  thst.the  heat  is  of  one  kind ;  whereas  the  reetihs  are  only  aeoordant  with 
tttt  ssmiaiplimi  that  it  is  of  many  kinds.  Professor  Powell  also  objects  to  the  divisioD 
oC  ladiaot  heat  into  that  from  luminous  and  non-lumiuous  souroes.  ^No  preone  dis- 
tinctioa  of  this  kind,  it  is  argued,  can  be  laid  down ;  &r  although  certain  qiuUties 
(colours,  so  to  say)  af  heat  may  predominate  in  either  case,-  yet  the  only  jcwikiiig 
Tviatiaa  is  one  of  esoess  or  diminution  of  <me  set  of  ray  or  rays: 

It  is  an  opinion  aSso  of  the  above-mentioned  philojBopher^  that  the  jtoiomcx^  con- 

*  rid0  McUoid's  papers  in  the  "  Ann.  de  Chim."  and  <*  Ph."  Lin.  and  LY.,  also  "  Taylor's  Sckn- 
tific  Memoirs*"  I.  and  lU. 

t  Boyal  Institntiott  Keports.    Beport  of  Professor  B.  Powell's  lecture,  Friday,  April  28, 1852. 
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Dficted  with  this  interesting  subject  point  to  the  identity  of  cause  for  light  and  heat 
Thus  both*depend  on  corpuscular  yibrations,  and  are  explicable  by  an  extension  of  the 
luminous  undulatory  theory,  which  has  been  treated  of  in  the  chapter  on  light  Pro- 
fetsor  B.  Powell  is  inclined  to  refer  the  different  qualities  (coburs)  of  radiant  heat,  to 
a  difference  in  the  length  of  wave  line  exclusively.  Professor  Forbes,  whilst  partially 
agreeing  in  this  view,  suggests  the  coexisting  agency  of  some  undetermined  element 
X^rofessor  Helloni  does  not  accede  thus  far :  he  is  in  &YOur  of  the  existence  of  calorifie 
emanations  altogether  different,  eren  as  to  their  original  cause,  from  those  of  light 

It  would  be  incompatible  with  the  limits  and  the  intentions  of  this  treatise  to  follow 
out  the  subject  of  diathermaniety  and  its  converse  in  detail  I  will,  therefore,  conclude 
by  citing  the  concluding  generalization  of  Professor  Baden  Powell,  as  expressed  in  his 
paper,  read  before  the  members  of  the  Boyal  Institution. 

"  A  body  heated  below  luminosity  begins  to  give  out  rays  of  large  wave-length  only. 
As  it  increases  in  luminosity  it  continues  to  send  out  these,  and  at  the  same  time  otheis 
of  diminishing  wave-lengths,  till  at  the  highest  stage  of  luminosity  it  gives  out  rays  of 
all  wave-lengths,  firom  those  of  the  limit,  greater  than  the  red  end  of  the  spectrum,  to 
those  of  the  violet  end,  and  possibly  less. 

**  Bays  of  all  these  species  are  transmissible  and  refrangible  by  rock-salt ;  and  many 
of  them,  with  numerous  specific  distinctions,  by  other  media.  They  are  all  more  or 
less  capable  of  exciting  heat  when  absorbed  or  stopped ;  though  in  some  the  effect  is 
perhaps  insensible.  Both  this  property  and  that  of  their  transmissibility  seems  to 
depend,  in  some  way,  on  the  wave-lengths,  although  in  no  simple  ratio  to  it. 

**  The  absorptive  effect  due  to  texture  of  surface  has  some  direct  relation  to  the 
magnitude  of  the  wave-length,  especially  near  the  limit ;  while  that  due  to  darkness  of 
colour  is  connected  with  shorter  wave-lengths — such  as  belong  to  rays  within  the 
limits  of  the  light  spectrum ;  and  in  any  case  when  a  ray  impinges  on  any  absorbing 
substance,  its  vibrations  being  stopped,  communicate  to  the  molecules  of  the  body 
vibratory  movements  of  such  a  kind  as  constitute  heat  of  temperature. 

<^  The  peculiar  molecular  constitution  of  bodies,  which  determines  their  permeability 
or  impermeability  to  rays  of  any  species,  gives  rise  to  all  the  diversities  of  offset, 
whether  luminous  or  calorific.  We  thus  escape  all  such  crude  ideas,  at  once  difficult 
and  unphilosophical,  as  those  either  of  two  distinct  material  emanations  producing 
reipeotively  heat  and  light,  or  of  a  conversion  of  one  into  the  other ;  and  obtain  a  view 
far  more  simple  and  consistent  with  all  analogy.'** 

VolAiiiation  and  l^ouble  Refraction  of  Radiant  Keat. —  The  many 
analogies  subsisting  between  light  and  radiant  heat,  created  an  a  priori  opinion  that 
ih»  latter  might  be  polarised.  Berard  and  Professor  Forbesf  first  demonstrated 
the  coixeotness  of  this  idea.  They  succeeded  in  polarising  heat  (non-luminous) 
by  the  agency  of  reflection.  Subsequently  Melloni  effected  a  similar  polarisatioin  hf 
transniasion  thxou^  mica  and  tourmaline  respectively.  I  deem  it  unneceasaiy  to  treat 

•  For  the  eoaveaieiMe  of  ttMwe  who  desuro  to  stndy  this  iBtmwting  subject  more  deeply,  the 
fbllowlat  addtttoAsl  refeiWMee  to  books  and  papers  reUtiiig  to  it  is  tppeaded  :~ 

FM*  1.  **  Two  Reports  on  the  State  of  oar  Kaowtodgo  of  Sftdiant  Hcftt,"  by  Piofamit  Badm 
FoveU.    «« Brit  AMoe.Beport8»**  1832  and  1840.    (These  papers  supply  o(H?ioQsre£aeiices.> 

2.    A  paper  by  the  saiae  in ''PhiL  Trans.'' for  1825. 

9.  ««KMblaw»h*s  Reeeax^Mt^**  traaslated  in  ««Ta^r»s  Sciestifio  MenMirs*"  Parts  xmi. 
aadXCL 

4.    PoveQ  OB  the  <*  Uadalator;  Theory  Applied  to  the  DispersMMi  of  Li«ht/»  pp.  71—123. 

^  "  Phil.  Maf.,»»  1855. 
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more  in  detail  on  this  subject,  seeing  that  the  phenomena  of  polarized  heat  are  so  pre- 
cisely accordant  with  those  of  polarized  light,  already  treated  of  in  detail  in  the  chapter 
on  light. 

Caloric,  besides  radiating  through  transparent  media,  is  capable,  also,  of  passing 
through  dense  and  opaque  bodies,  though  with  prodigiously  impaired  velocity.  Thus 
a  long  bar  of  iron,  heated  at  one  end,  reqiiircs  considerable  time  to  become  hot  at  the 
other.  This  property  in  bodies  has  been  called  their  conducting  power,  and  it  exists, 
in  different  bodies,  in  ycry  different  degrees.  It  is  not,  however,  found  to  bear  a  pro- 
portion to  any  other  quality  of  bodies,  such  as  their  densities,  &c. 

All  the  properties  of  caloric,  which  have  been  hitherto  described,  belong  to  it 
when  supposed  to  be  in  a  free  or  uncombined  form ;  for  it  continues  to  produce  the 
sensation  of  heat,  and  to  expand  the  mercury  of  the  thermometer.  In  the  instances  of 
its  agency,  also,  that  have  been  mentioned,  no  permanent  change  of  form  or  of  pro- 
perties is  effected  in  the  bodies  which  have  imbibed  caloric.  A  bar  of  iron,  after  being 
expanded  by  heat,  returns  on  cooling  to  the  same  state  as  before,  and  exhibits  all  its 
former  qualities.  In  certain  cases,  however,  caloric  is  absorbed  by  bodies,  with  the 
loss  of  its  distinguishing  properties.  It  can  then  be  no  longer  discovered  by  our  senses 
or  by  the  thermometer ;  and  it  produces  important  and  sometimes  permanent  changes 
in  the  bodies  into  which  it  enters. 

Those  effects  of  caloric,  in  the  production  of  which  it  loses  its  distinguishing  pro- 
perties, may  be  classed  under  two  general  heads. 

1.  Bodies,  in  patiing  from  a  dtnwr  to  a  rarer  ttate,  generdUy  absorb  calorie, — Thus 
solids,  during  liquefaction,  imbibe  a  quantity  of  caloric,  which  ceases  to  be  apparent  to 
our  senses  or  to  the  thermometer ;  or,  as  it  has  been  termed,  beootnes  latent  In  a 
nmilar  manner,  solids  and  liquids,  during  their  conversion  into  vapours  or  gases, 
render  latent  a  quantity  of  caloric,  which  is  essential  to  the  elasticity  of  the  new 
product.  In  common  language  cold  is,  in  such  cases,  said  to  be  produced ;  but  by  the 
production  of  cold  we  are  to  understand,  in  philosophical  language,  nothing  more  than 
the  passage  of  caloric  from  a  free  to  a  latent  form. 

2.  BodieSj  by  an  increase  of  density^  mostly  evolve  or  give  out  calorie,  which  passes  from 
•  latent  to  a  free  state, — The  simplest  illustration  of  this  law  is  in  the  effect  of  ham- 
mering a  piece  of  metal,  which  may  thus  be  intensely  heated,  while  all  that  is  perma- 
nently effected  is  an  augmentation  of  its  density.  Liquids  by  becoming  solids,  or  gases 
\pjf  conversion  into  liquids,  also  evolve  caloric,  or  produce  an  increase  of  temperature. 
A  pound  of  water  condensed  from  steam,  will  render  100  pounds  of  water  at  50°  warmer 
by  11* ;  whereas  a  pound  of  boiling  water  will  produce  the  same  rise  of  temperature  in 
no  more  than  about  \6\  pounds.  This  is  owing  to  the  much  greater  quantity  of 
calmc,  existing  in  a  pound  of  steam,  than  in  a  pound  of  boiling  water,  though  steam 
md  boiling  water  affect  the  thermometer  in  precisely  the  same  degree. 

It  is  a  question  which  has  excited  considerable  interest  among  philosophers,  whether 
caloric,  when  thus  absorbed  and  rendered  latent,  enters  into  chemical  combination,  or 
is  merely  united  by  the  same  kind  of  ties  as  that  portion  of  caloric  that  produces  the 
temperature  of  bodies.  Does  ice,  for  example,  when  changed  into  water,  form  a 
chemical  union  with  caloric,  similar  to  that  which  exists  between  potassa  and  sulphuric 
acid  ?  Such  appears  to  have  been  the  opinion  of  Dr.  Black,  who,  by  the  powers  of  an 
original  and  well-directed  genius,  discovered,  about  the  year  1760,  the  greater  number 
of  those  facts,  that  formed  the  ground- work  of  the  theory  of  latent  heat.  The  resem- 
blance, howeirer,  between  chemical  union  and  the  disappearance  of  caloric,  which,  on 
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ttni  fUfWf  ttf/^K;ttfN  ftxirtjtntAy  utriking,  will  be  found,  it  must  be  confessed,  less  dose  on 
tt  n**rw  t^xamiuniiirti ;  ffrr  caloric  may  be  made  to  quit  those  bodies,  into  which  it  lias 
itiiU^tui  with  tt  hfHtt  of  iU  {K;ciilixtr  proiK^rtics,  merely  by  reducing  their  temperature ; 
whitrww*  tiUtnnUinl  r/irnbfiifltionf  in  general  cannot  be  destroyed,  except  by  the  inter- 
ffffMU'ti  of  nufTd  (rtnrrfi;(tii(i  affinities.  In  opposition  to  the  foregoing  theory,  it  has  been 
tumUtudmi  that  Dm  ubMorptirm  of  caloric  by  bodies  is  a  consequence  of  what  has  been 
Millnrl  It  (itmri^n  of  tlidr  capacity.  Thus  ice,  it  is  supposed,  in  becoming  water,  has  its 
cAjmrity  for  rtnlorlr;  iniToaiKid,  and  the  absorption  of  caloric  is  regarded  as  a  consequence 
of  iJiiM  \\\v.\vMiM\  cttptu;ity.  This  theory,  however,  is  deficient,  inasmuch  as  it  £uls  to 
rtxplrtin  wbni  In  iho  oaiiMo  of  that  change  of  form,  which  is  assumed  to  account  for  the 
ituri'dnNn  of  rnjmnity.  Notwithstanding  this  obvious  objection,  I  have  retained  the 
U\'\\\  fiapnaif}/  to  (^xpriwn,  In  the  abstract,  that  power  by  which  bodies  absorb  and  render 
lni<^iit  dllKiront  quautlticH  of  caloric ;  or  tho  property  of  requiring  more  or  less  caloric 
f^tr  rulrtltiK  tluilr  toinpomturo  an  equal  number  of  degrees.  The  absorption  of  caloric, 
Ihi'ii,  will  ulwnyH  bo  owing  to  an  increase,  and  its  evolution  to  a  decrease,  of  capacity, 
Tlu»  iiN(t  of  th('H<>  liu'inn  may  bo  cxompliflod  by  a  slight  change  of  the  perspieuons 
liinjyiiHi^o  of  Dr.  ('rawford.  "Tho  capacity  for  containing  caloric,"  he  observes,  "and 
tlin  iibrtohitc  ('nlorl(^  oontainwl,  arc  diHtinguishcd  as  a  force  from  the  subject  upon  which 
It  oponUrM.  \V'lu»n  w«  Hpouk  of  tho  capacity^  wo  mean  a  power  inherent  in  the  heated 
iMuly  i  Nvlu^n  wo  HptMjk  of  thi^  ahojute  caloric,  wo  mean  an  unknown  principle,  which  is 
\t»tMlnod  in  tho  luuly  l»y  tlio  poaaosaion  of  this  power;  and  when  wo  speak  of  the 
ttm^m'iitm'f,  wt>  iHn\«*idov  tlio  unknown  principle  as  producing  certain  effects  upon  the 
tbov«\ointitrv."* 

Art  \\w  vttjmoHlt^  v>f  bi^Uioa  dotormino  thoir  rt'latiw  quantities  of  caloric,  it  seems 
VtM\«owttb\o  to  om\olndo  thftt*  if  wo  can  asoortain  how  much  caloric  a  body  absorbs  or 
({tvt^  y\\\\  in  oKnntitinK  ita  f\u*n)«  and  in  what  ^m^portion  its  capacity  is  at  the  same  tine 
nltoivd.  wo  n\My  dtHl\ict^  tho  nh^ni*  ^mmtity  qf  Am/ which  it  contains.  Now  it  will  be 
*tt\n*\v*^\lii  *howw  thnt  tho  heat,  ONMlNtMl  by  water  in  freezing,  is  equal  to  140°  j  ami 
tho  ottjmoity  uf  WHtor  ha*  Wn  tittattHi  to  bciir  to  that  of  ice  the  proportion  of  10  to  9. 
>N\tt>v«  th<m»  iu  b<HN^uii\^  iiv,  miv^t  gm>  out  ^i^^th  of  its  whole  caloric ;  and,  as  this 
«W\M\)^t«  ^^  \40\  tx'u  timiM  UO  (kvt  UOO^)  is  the  whole  quantity  of  caloric  in  water  it 
th«'  t^H^v«4r*tu)x^  \vf  H^ ;  an4«  dedui'^n^  HO  fixou  1400,  we  have  1260"*  far  t^  caloric 
\SM\tiUiw>^^  iu  tho  iv'i)  \l»<^f.  Thi«  mi>UhMl  of  dct^nuiuin^  the  pi^hlem  sann^  howerBT, 
K^  iMi\  t\^  W  \UW  tv^  «i^Yvral  ^ j^^^'tioM^  wWh  it  w^d  take  up  too  much  room  to  stati 
in  t^U  )n)ms\  a\h\  xihwh  1  hav^  t^WwWrt^  urs<4  at  <x«&idciable  length.f  ITor  does  it 
<l^\w«r  tv^  ¥K^  iKaI  an>r  \^t)M4r  ui^kW  \\f  uiTt^ti^lMii  tvI  {q\^^kK^  is  capdble  of  giving  as 
«^^)Mhv\^Mati»^«k*  tv^  tlv^'  trulK  iKai  ar^  )ihmv  U^  b#x«li«<d  oa;  Iw  soch  mocmoiis  diffsr- 
^>:m%v<«  a*  ^^  yW  «MMir  .^'•A  v>r  |^>kut  \Nf  n4al  |«tTati\\a  «f  heat  on  the  dienBometnc 
^m^Kn  ^xv  ^N'ut^^  IVvMM  liM"  i«^uiYi«»  \\t  <IUR«t«it  |luk«:fiher^  as  to  sk>w  daft  we  atill 

TWi^  j|^mw4n4  ^^Wm^>ii»  1  Ww  4e<e«M4  H  ^^nisbut  ti>  iMk^^  widi  m  view  of 
<vcii^\MVl^|t  ^'^^f^W>r  ^  |«\>jKH»i^Mi^  ^fi^^'iiJi^^  oak«k«  i»i  tW  esjfitc»eBt8  Ufais- 

Vn^I  vit  vN(m^  Ml  Vk4  |«^NiMM»  a  WiMfcJtW?  lik^Ji  ^  isittfy^us^  ^^r^^k^oia ;  i»d  fk  would 
Wv  Vn«i  ^«^^  V  Vaw  <w.»ifcJ^  M^  <v<wiilmi^  i^  ^Ibrw^iMi  «if  i(s  ware  od 
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'  steps,  to  a  knowledge  of  what  has  been  actually  determined  by  ezpcrimenty  or 

itly  and  legitimately  dcdnced  from  it 

Rm  Zffects  of  lYee  Calmic. — 1 .  Caloric  expands  aU  bodies. — The  expansion  of 

'ds  is  BhowB  by  that  of  the  mcrcnry  of  a  thermometer,  or  by  immersing  in  hot  water 

iss  matrass,  filled,  np  to  a  mark  in  the  neck,  with  spirit  of  wine,  tinged  with  any 

luing  substance.    The  spirit  expands  immediately  when  heated, 

would  overflow  if  not  placed  in  a  cooler  situation.    The  degree  of 

insion  produced  in  different  liquids,  by  similar  elevations  of  tcm- 

ture,  varies  very  considerably.     Thus  water  expands  much  more 

.  mercury,  and  alcohol  more  than  water.    This  difference  of 

nsibility  is  even  sufficiently  striking  to  appear  in  a  remarkable 

ee  when  we  immerse,  in  water  heated  to  160°,  throe  equal  glass 

ils  of  the  8hax>e  of  thermometer  tubes,  containing  the  one  mcr- 

,  the  other  water,  and  the  third  spirit  of  wine.     The  spirit  will 

1  to  escape  from  the  aperture  of  the  vessel,  before  the  mercury 

isccnded  far  in  the  stem. 

t  must  be  obvious,  however,  that  wo  cannot  determine,  in  this 

the  true  amount  of  expansion  in  any  fluid,  because  the  containing 

vessel  has,  at  the  same  time,  its  capacity  enlarged.  Hence  the  real 

Qsion  of  the  fluid  exceeds  the  apparent ;  and,  in  order  to  know 

Tue  amount  of  expansion  in  the  liquid,  wo  must  correct  the 

rimental  result  by  taking  into  aooount  the  expansion  of  glass.    In  detemuning  the 

ttion  of  mercury,  MM.  Petit  and  Dulong  avoided  the  necessity  of  this  correction, 

bllowed  a  method  founded  upon  a  hydrostatical  principle — viz.,  that  when  two 

ana  of  liquid  communicate  by  a  horizontal  tube,  the  vertical  heights  of  Hieir  snr- 

are  in  the  inverse  ratio  of  their  densities.    Surrounding,  therefore,  ono  of  the 

OSS  with  ice,  and  raising  the  other  to  any  known  temperature,  it  was  found  to  be 

dent,  in  order  to  obtain  the  absolute  dilatation,  to  measure  the  height  of  each 

rm,* 

"he  following  is  a  description  of  the  instrument  employed  and  the  principles  on 

h  its  action  <lepends  :— 

0t  A  B  G  D  be  a  tube  bent  twice  at  right  angles,  as  represented  in  the  diagram, 

siptnded  into  a  cup-shaped  vessel  towards  each  upper  extiiemit^,  tho  horiiontal 

tube  of  connexion  being  ex- 
ceedinly  fine.  Each  vertical 
arm  of  the  tube  is  seen  to  be 
immersed  in  a  cylindrical 
glass  vessel,  the  use  of  whidi 
is  to  contain  liquids  of  definite 
temperature,  in  order  tSiat  the 
upright  arms  may  be  heated 
to   a   corresponding    degree. 

■•■^^^  ^'**^^^^^~*'^"^^^      Prom  this  arrangement  it  f(A- 

lows  that  the  rate  of  expan- 

Di  a  Add  may  be  estimated,  independeirtly  ci  any  dtsturbanee,  inm  expansion 

e  glass.     It  is  a  w^  known  proposition  in  hydtostaties,  that  the  cohmnar 

•  •*  Amou  Cb.  et  Ph.,"  xiLp,U7,  at  "  Jtiau  of  PhU."  teMiidSerias,  vol.  zUL 
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height  of  liquids  of  different  densities,  in  equilibrio,  under  the  same  degree  of 
pressure,  is  in  an  inverse  ratio  to  the  density  of  those  liquids.  Supposing,  then, 
mercury  to  be  poured  into  the  vessel  A  B  0  D,  the  liquid  will  rise  to  the  same  level 
in  the  branches,  A  B  and  C  D, — ^if  the  temperature  be  equal.  If,  however,  the  stem, 
A  B,  be  heated  to  a  degree  which  may  be  represented  by  t,  whilst  the  stem,  G  D,  is 
heated  to  a  diflFerent  temperature,  which  may  be  represented  by  f ,  the  mercury  will 
rise  in  the  second  branch  higher  than  in  the  first.  Let  h  stax^d  for  the  columnar 
height  of  mercury  in  the  lower  branch,  and  h'  for  the  columnar  height  of  the  same  in 
the  higher  branch. 

If,  now,  ct  and  d  represent  the  densities  of  mercury  at  the  temperatures  f  and  /, 
p  the  pressure  of  liquid  referred  to  imity  of  surface,  and  exercised  upon  the  horizontal 
plane,  traversing  the  axis  of  the  tube,  B  C  being  equal  for  all  that  plane,  then 

p  =  ffhd  =  ffh'cty  therefore  hd  =  A'rf' ; 

or,  the  same  weight  of  mercury  occupying  a  volume  in  A  B,  where  the  density  is  df 
should  occupy  in  D  0,  where  the  density  is  if ,  a  volume  V,  yielded  by  the  equation 
r  =  ^V(/=:  ^T«f ;  whence  Vrf=  V<f,  and  from  the  equation  hd  =  A'<f  andV:  V 

Y» Y       j^' j^  y y 

: :  A  :  A*  is  deduced  — ^ —  =  — r — .     But =—   is  the  fraction  representing  the 

augmcnUtion  with  increase  of  temperature,  experienced  by  the  unity  volume  of  mer- 
cury ;  when  its  temperature  at  t  becomes  f,  this  fraction  of  dilatation  of  mercury  fat 

(r  — I)  degww  win  he  ^-^^  and  the  coefficient  of  dikAatia^  Whenceiilt 

iUlows  that  tiie  investigatioii  of  detenmning  the  total  eTpansinm  of  a  liquid  £ir  a 

definite  number  of  degi«cs»  by  means  of  this  instroment,  leaohres  itaelf  into  the  ezict 

]neasax«Bient  of  tiie  colimuiKr  fluid-levels  at  k  and  A%  fat  the  tempermtmes  t  and  f .       ] 

The  most  rec<Hit  investigatioiis  conceniing  the  dilatation  of  liqiuds  have  been  mads 

I    hj  M.  Isidoce  Piiwre  and  ^.  S^oppi,  who  confiim  the  previously-existing  hdie(  tiuKt^ 

I    with  the  exii>»plioii  of  meicuiT,  the  diktatiaa  of  liqnids  £^ows  an  exceeding^  izxe|;a* 

\   kr  iBd  coiB^iciited  pro^TCssioiL 

It  »k  howev«r»  probable  that  a  suggestion  thrown  out  hy  M.  Gay  Lossac  mKf^  if 
k  «»tRied  Into  pneticev  t»id  to  indicale  some  precise  law  of  Hquid  eipaTwinn  The  rata 
I  of  expaaskitt  lor  all  gaseoos  bodies  is  very  nmly  aHke.  Xow  gases  poaaess  neaily  the 
;  sajfc»  aw>ec<ihar  stole  as  to  aggrtgatktt ;  mti  fmUt  tit  mmty  as  is  pnjved  by  flie  difleiqit 
;  aaao^nts  of  loirg»  necesaaiy  to  liyah^  and  aol»£^  tfioae  gases  c^^able  (rfawuming  audi 
j  coaditNftk  and  tibe  non-<ODdeKtbttitT  of  o&ers^— to  which  proof  mtj  be  added  tiie 
>  ^itl^t'^(£»cfey«n(T  in  their  c^Kfi^ents  of  eiqpetnskm.  Lujaxiii^  howerer,  ne  very 
i  (liftnailly  rmuastaneed:  the  nolMnlar  fjtces  which  kolii  tbeir  piwtiripm  together 
*  vvcTwitikxntibt  Haiti  of  II  Terr  wiiie  range.  M.  Gay  LassK,  tbocfoe^  saggeats  Aat 
!  in  okAbt  t»  ifa^agt  n  kw  of  expension  liar  layiiBw  Aey  AjoH  be  <■  isMnifA  nndcr  eqnal 
!  c^MfciitwMW  of  ijtwttkr  asgK|g«tMi>  Xow>e3ak-%aktii^boKlm|^faaife»theBuleeiiIar 
t  ii^ttfitfcMa of  n Sytel.  ietetnining  the  <qfcli&Jtt of  Sjin>gl^>  g  n ii i  m— i ;  fcence,  by 
I  HirM|.n  iiiilin  ifhiiTifi  IkTrf  TiiirTrn  i^inr'fciiTinigif-"  m^  mlit,  Ibiii^b  sii 
'  eyat  mttrikr  ef  dbyreeft>  ^  ufclKtitiw»  of  sooa»  fenar^  kw  aq^  grohdbly,  IL  G^ 
LwMe  ^ialb^  W  aciiv«I  aft.  Xgr  hnve  h»  ^e^dbfeaxK  Vmsdl  aShifrtkn  without 
1    fttnniiBifak  as  ^  ifiv  wmiMigi^^  td^dkr  v^w^  wtH  has  will  i»t^ 

JOiMftHi  Vidi  sft  irr  F^  wmfier  aft  21^  F.;  sid^hnreft  <)£  «bain  nt  1M>  F^ 
»»!  sttl^hMrie  t^kir  ^  tl^r  F.    Takia^  t^N#  v^Imms  of  enth  s*  Aeir  boiling 
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points,  and  cooling  through  a  definite  number  of  degrees,  the  following  results  were 
obtained:-— 


^tiJSlS' 

Water  oontract* 

Alcohol  contracts 

Sulphuret  of  Carbon 
contraeta 

Ether  contracts 

18» 
86* 
64* 
IT 
90' 
108« 

6-61 
1315 
18-85 
2410 
28-56 
32-42 

11-43 
24-34 
34-74 
45-68 
56-02 
65-96 

12-01 
23-80 
35-06 
45-77 
56-28 
66-21 

16-17 
31-83 
46-42 
58-77 
7201 

It  will  be  observed  that  the  accordance  between  the  alcohol  and  sulphuret  of 
oarbon  for  all  the  decrements  of  temperature,  forming  the  subject  of  experiment,  is 
marked,  showing  that  there  exists  some  kind  of  accordance  between  the  molecular 
states  of  these  two  liquids,  notwithstanding  the  difference  of  their  boiling  points. 
IL  Isidore  Pieire  has  drawn  up  extensive  tables  on  the  basis  of  that  just  given,  and 
from  which  it  appears  that  a  nearly  equal  contraction,  from  the  boiling  point  down- 
wards, is  manifested  .by  (1)  ftisel  oil,  pyroxylic  spirit,  and  alcohol ;  (2)  bromide  of 
ethjl  and  bromide  of  methyl ;  (3)  iodide  of  methyl  and  iodide  of  ethyl ;  (4)  >cetic 
ether  and  acetic  methyl  ether;  (5)  butyric  ether  and  butyric  methyl  ether.  This 
equality  of  contraction,  however,  from  the  boiling-point  downwards,  does  not  extend 
to  all  groups  of  liquids  containing  a  common  element,  united  with  others  of  different 
isomorplious  groups— for  example,  chloride  of  phosphorus  and  chloride  of  arsenic ;  but 
it  would  seem  to  be  confined  to  the  ethyl  and  methyl  series.  Moreover,  in  each  group 
of  liquids,  the  difference  of  contraction  increases  constantly  in  the  same  direction, 
proportionate  directly  to  the  sinking  of  the  temperature  below  the  boiling  point.  In 
Booe  cases  this  variation  of  contraction  is  of  very  considerable  magnitude;  thus,  for 
example,  in  the  group  to  which  chloride  and  bromide  of  silicon  belongs,  it  amounts  to 
balf  the  total  expansion.  Finally,  in  each  group,  the  liquid  of  lowest  boiling  temperature 
manifest  the  greatest  amount  of  expansion  and  contraction.  Such  are  the  chief  gene- 
nhjcations  arrived  at  by  M.  Isidore  Pierre.*  M.  Koppf  has  more  recently  applied 
Idmself  to  the  same  difficult  investigation ;  but  as  this  philosopher's  generalizations 
are  not  yet  complete,  and  the  minutes  of  his  researches  are  voluminous,  I  must  refer 
to  the  original  papers,  wherein  the  information  is  conveyed. 

The  expansion  of  aeriform  bodies  may  be  exemplified  by  holding  near  the  fire  a 
Uadder  half  filled  with  air,  the  neck  of  which  is  closely  tied,  so  as  to  prevent  the 
inclosed  air  from  escaping.  The  bladder  will  soon  be  folly  distended,  and  may  even 
be  burst  by  continuing  and  increasing  the  heat  All  aeriform  bodies,  when  deprived 
of  moisture,  and  even  condensable  vapours,  when  not  in  contact  with  the  liquids  from 
which  Hiey  have  been  produced,  undergo  nearly  the  same  expansion  or  contraction,  at 
all  temperatures .  hitherto  tried,  by  similar  additions  or  subtractions  of  heat.  Indeed, 
until  the  recent  investigations  of  M.  Begnault  on  this  interesting  subject,  the  propo- 
sttioa  was  universally  accepted,  that  the  amount  of  expansion  and  contraction  of  all 
gases  for  equal  degrees  of  temperature  was  absolutely  the  same,  being  for,  the  180**  of 
Fahrenheit's  thermometer,  between  32°  (the  freezing  point)  and  212°,  about  the  -j^ih 

*  "  Annales  de  C9iimie  et  de  Fhysiqae,"  third  series. 

+  "Fogg.  Annal.»»  72, 1,  and  223,  abstracted  in  "  AnnaL  de  Chim.  and  Phann."  64,  212. 
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ti  iMt  ir«liyM  at  32  <ir  ifTify  iesree-tluit  ii  to  wj,  180  x  tIo^  <v  0-37ddis 
\mrtitm  m  the  total  bulk  at  32*  Fah.  Mr.  Dilton,  who  was  the  first  to  commoiGa  thiB 
ini|K/rtant  inreatigation,  adopted  the  fraction  -^  as  the  coefficient  of  gaseous  ezpan- 
nUtfif  hilt  MM,  Petit  and  Balongy  who  suhsequently  repeated  the  necrawary  ea^ari- 
mtmUf  ad^/pted  Tf^  instead,*  and  their  yiews  were  uniyersally  receiTed  until  a  Swett 
natural  phibsofihery  M.  Rodberg,  announced  that  the  coefficient  was  too  high,  and  tiiat 
It  wan  mott  nearly  m^prcsented  by  the  fraction  0*364  or  0*365  on  the  total  increase  of 
a  vol  u  m/1  of  gas  at  32''  Fah,,  when  heated  to  212**  Fah.  It  would  appear  that  Mr.  Dalton, 
AS  woll  as  MM.  Oay  Lussac,  Petit,  and  Duhmg,  had  been  led  into  error,  owing  to  their 
not  Imving  takon  sufficient  care  to  dry  tho  gases  upon  which  they  operated ;  hence  the 
total  aniotint  of  oxpannion  recognized  was  partly  due  to  the  gas  itself  and  partly  to  the 
WAtor  contained  in  tho  gas.  In  tho  year  1842,  M.  Regnault  applied  himself  te  a 
rn-oonsidorntion  of  this  subject,  adopting  two  series  of  experiments  founded  on  two  • 
flifntront  principloM.  In  tho  first  series  the  dilatations  were  not  measured  direetly,  hot 
ralfMilntftd  by  rofurenoe  to  variations  in  the  elastic  force  of  the  gases  operated  upon. 
In  th«  NOf ond  sorics,  tho  augmentation  of  rolume  occurring  between  82°  and  212**  Fkh. 
WAN  dirfrtly  moasurcd ;  tho  samo  yolome  of  gas  being  ccmstantly  used,  and  submitted 
to  nnn  tmrarying  pressure.  These  admirable  researches  of  M.  Regnault  haye  led  te 
tho  adoption  of  '3660  or  *3670  as  tho  total  amount  of  expansion  between  32""  and  21S" 
on  tho  original  bulk  of  air  at  82**,  boing  J^ths  of  each  centigrade  degree,  or  tv^.^t  ^^ 
di»gro«^  of  Falircnheit. 

IiAWe  of  a«f>n«t»n. — Such  was  the  result  arrived  at  iSor  atmospheiio  air; 
nthor  gASM  wt^ro  fi>und  to  yiold  slightly  different  rates  of  expansion:  heade  the 
|m>)>o«{tiim  that  all  gasf  s  expand  equally,  for  equal  increments  of  temperature  can  be 
no  UMigt^r  acK'optt'd.  ludt^  there  is  one  fiiot  which,  if  duly  weighed,  might  hxft 
ivndoriHl  this  propoaition  •uspectcd.  Certain  gases,  it  is  known,  are  condeosible^ 
othom  not ;  and  amongst  thoae  whioh  are,  the  foroe  necessary  to  aecomplidi  oob« 
d<»naali\m  variet  within  Hmita  which  are  very  wide.  Now,  if  thero  be  reoogniaaUe 
a  di(l^r«4M^  in  tho  BMdecular  powert  of  gaaea  at  this  end  of  the  scale,  it  would  seem 
it  fu^f,^  that  thfNTv  ddnmld  b*  eonviMMly  a  diference  abo  at  the  other.  M.  Regnaulfs 
t'lilHMrimtMila  Wr  out  thf  suppotitioii ;  he  fiatds  Uie  eoefficients  of  ttrjmnfai^  to  vary 
^w  flitlWimt  (K«M^  Th«  suhjoiftod  taM«  aMuufifi«l8  some  of  these  variatioBs,  whidi 
will  Imp  e\Hm^  to  W  gvtHkltNr  in  |4N>portio&  as  Ih*  partieular  gas  under  #>T«mwiytwB  is 
vvsi^ly  ^Mi\Kmaib)<^  i — 


Atafc>>»|>h>wrK  »Mr 
l>N*»:aiW  ^  Skte\]fiMa 


0S«6U 


>av<y^  iNsv^KnuMi  ^  tW  ^5M^^c\  ^  jpatihM^  tx^tvasMfe. 
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2.  The  dilatafion  of  the  ubia  gu  between  the  Mme  limitB  of  temperature  u  inde- 
pendent of  its  primitiye  density. 

The  first  of  these  laws,  as  we  haTe  seen,  is  at  yazianoe  with  the  results  of  M. 
Bcignault.  The  second  is  no  less  at  ytrianco.  Nevertheless^  these  laws,  although  not 
absdutely  true,  are  sufficiently  near  the  truth  to  justify  their  retention  in  chemiesl 
woiks.  Probably  they  would  be  absolutely  free  from  all  error  if  applied  to  gases  dis- 
tant by  an  equal  number  of  degrees  from  their  respective  points  of  condensation ;  henoe 
the  fraotion  ^  of  their  bulk  at  32''  may  be  used  to  indicate  the  expansion  suffered  by 
sll  gases  for  every  degree  between  32^  and  212'  Fah. 

Having  enumerated  the  laws  of  the  expansion  of  gaseous  bodies,  it  will  be  desirable 
to  indicate  the  means  by  wliich  these  laws  have  been  deduced.  A  rectangular  box  of 
tin-plate,  or  copper,  is  suj^lied  with  five 
orifices — three  superiorly,  one  at  either 
extremity.  The  middle  one  above  gives 
entrance  to  a  thermometer,  the  stem  of 
which  is  packed  in  a  collar ;  the  two  re- 
maining apertures  above  are  intended  for 
the  escape  of  vapour.  The  terminal  aper- 
ture a  also  gives  entrance  to  a  thermome- 
ter, whilst  the  aperture  at  3  is  fitted  up 
with  a  bulbed  glass  and  stem,  constituting 
the  immediate  apparatus,  by  means  of 
which  the  rate  of  expansion  is  to  be 
determined.  The  tin  vessel  contains  <»1,  which'  admits  of  being  heated  by  means  of 
the  small  furnace  represented  in  the  woodcut,  to  the  degree  necessary  for  the  success 
of  the  experiment. 
I  It  will  be  evident  that,  by  means  of  this  disposition,  a  volume  of  air  contained  in 
fhebulh  of  the  glass  tube  passing  through  b  will  be  expanded  iuto  a  larger  volume  so 

soon  as  heat  is  applied  to  the  tin  vesseL 
It  renudns  to  ascertain  the  rate  of  ex- 
pansion, which  is  easily  effected  by  a 
register  of  quicksilver  in  the  stem  of 
the  tube.  That  is  to  say,  supposing  a 
globule  of  quicksilver  at  the  beginning 
of  the  experiment  to  stand  at  g^  the  same 
globule  will  be  driven  towards  the  open 
end  of  the  tube  by  ejetj  subsequent  increment  d  temperature  in  the  direction  of 

It  will  be  readily  conceived  that  a  knowledge  of  the  exact  amount  of  expansion  to 
which  gases  «re  sulject  for  given  ranges  of  temperature  possesses  more  than  a  theo- 
retical interest.  AUhough  the  expansion  of  all  gases  be  not  equal  for  equal  degrees 
tnd  the  same  range  of  ten^eraturs  as  the  experiments  of  M.  Rcgnault  have  proved, 
yet  the  ^prosch  to  equality  is  such,  that  for  all  pract^al  calculations  the  proposition 
of  such  equality  may  be  assumed.  Perhaps  the  fraction  -^  is  the  oocfBcicnt  of  expan- 
lUHi  for  eadL  degree  between  32**  and  212''  Fah.,  the  most  in  accordance  with  experi- 
ments as  a  geoeial  meaos  of  observation.  I  shall,  therefore,  employ  it  henceforth  in 
the  illustrations  which  follow.  On  this  assumption,  it  appears  that  491  volumes  of  a 
gM  at  the  temperature  of  32"  Fah.  expand  one  volume  for  every  degree  of  Fahrenheit's 
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iCtl«  b^Ureea  32^*  and  212^ ;  tfaat  if  to  mj,  if  tiuB  stendszd  meMore  of  gts  1) 
to  212^1  it  will  hsT«  expaaded  to  671  Tolnmec  FmtibeniKire,  ezperimaitB  lun 
ilMt  tiM  nte  of  €xptntum  st  (emperstum  abore  212°,  and  below  32*,  is  f 
aceordut  wiili  tlia  mi$e  between,  fbat  the  ooefficient  of  expansion  may  be  cc 
ualTenaUy  aa  repreaented  by  j^.  Hence  the  oorrection  of  gaseous  expan 
contraotioa  UiTolrea  the  adding  or  the  aubtracting  ao  many  Tfiths  of  the  ^ 
fiicb  gas  at  32*,  aa  there  are  inequalities  of  temperatiire  between  32**  and  the 
vbich  the  experiment  li  conducted.  Thus,  suppose  that  a  graduated  tube 
100  meaaurea  of  gaa  at  the  temperature  of  32**,  and  it  were  desired  to  aacei 
many  yolumea  It  would  occupy  at  42^  Here  the  difference  between  32°  and  ' 
lO-degreea,  the  100  meaaurea  of  gaa  will  haye  expanded  ^^tlis  of  100,  or  ^^ 
which  must  be  added  to  the  original  100  measures.  But  100  added  to  ^f^ 
ilui  quantity  102'037y  which  is  the  amount  of  expansion  sought 

It  frequently  happens  that  the  problem  has  to  be  solyed  of  reducing  a  gas 
temperature  to  another  temperature,  neither  of  which  is  32°.  This  may  I 
plinhed  without  the  preliminary  trouble  of  finding  the  yolume  at  32°,  by  ini 
into  the  proportion  the  standard  measure  491.  It  has  already  been  sho 
401  yolumes  of  gas  at  32**  expand  one  yolume  for  eyery  degree  of  increme 
ilT  Fah. ;  and  whatever  the  quantity  of  gas  operated  upon,  the  expansion  : 
same  ratio.  Now  the  rate  of  expansion  of  the  standard  measure  491  yolume 
given  number  of  degrees  is  simply  ascertained  by  mere  addition ;  whence  : 
that  the  yolumes  at  the  two  temperatures  are  to  each  other  as  the  standar 
(401  at  32°)  Increased  by  the  amount  of  expansion  duo  to  the  temperatur( 
supposing  a  certain  bulk  of  gas  to  occupy  130  yolumes  at  75°,  what  bulk 
occupy  at  42*?  Here  the  first  questions  to  be  solved  are,  what  bulk  -w 
standard  measure  of  gaa  (491  yolumes  at  32°)  occupy  at  75°  and  42°  resp 
These  quaationa  are  readily  solved  by  adding  to  491  the  respective  difference 
76*,  and  42°,  and  82*,  Now  the  diflferenoe  between  32°  and  75°  is  43°,  and  the  < 
between  32*  and  42*  ia  10*,  Hence  we  have  (491  +  43)  =  534  and  (491  4- 1 
aa  the  respective  buUca  of  the  standard  measure  of  gas  (491  volumes  at  3 
heated  to  7^  and  iS*  reapeetively :  and  caUing  the  unknown  volume  Y,  we 
Mlowing  proportian : — 

Y:  ISO::  501  :  534; 

and  \  = -^g —  =  119*1*  ; 

wr^  ISO  YVihinkeaoif  gaa  at  75"*  would  occupy  119*17  yolumes  at  42°. 

Th«»  «xpaniioa  of  asM^  may  be  nade  aj^paieiit  by  heating  a  rod  of  inm,  < 

kn^  as  to  be  inchided,  when 
twe^ai  two  polnt3>  and  the  di^ 
whkh  is  saeh  as  barely  to  aBow 
throQ^  an  iron  xxsg.  Whez 
it  wiU  hare  beeome  senatbty  ko 
it  will  be  &Nmd  izxcapsbfe  a 
tbzoo^  tbe  Rttg. 

These  (?pera&&»&  teaiHty  del 
^»$maal«tui^:  boJCti^amcR 

^a»^o»  TMid^ci^we' bf  a  m«telfi^ 
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of  which  has  to  be  estimated.  The  bar  is  surrounded  by  a  heated  bath,  and  is  supplied 
with  two  yertical  indices  (t  t*),  one  attached  at  right  angles  to  either  extremity.  From 
▼iiich  axrangement  it  follows,  that  in  proportion  as  the  bar  expands,  the  indices  will 
direrge ;  and  that  the  amount  of  divergence  being  determined  by  means  of  the  gradu- 
ated rule  figured  abore,  the  total  amount  of  expansion  undergone  by  the  bar  will  be 
i^predated. 

The  linear  expansion  of  a  metallic  bar  being  known,  its  total  or  cubic  expansion 
may  be  easily  deduced  from  the  following  consideration.  If  the  material,  instead  of 
Mug  in  the  form  of  a  bar,  were  moulded  into  an  accurate  cube,  then  it  follows  that 
tibe^ total  expansion  of  the  bar  would  bo  equal  to  the  total  expansion  of  the  cube ;  but 
flie  latter  would  be  equal  to  the  cube  of  the  linear  expansion  of  one  of  the  edges  of  the 
edbe.  In  other  words,  the  total  expansion  of  a  bar  is  equal  to  the  total  expansion  for 
fts  same  thermal  increment  of  a  cube  of  homologous  sides.  Hence  the  coefficient  of 
lisear  expansioa  of  a  bar  cubed  is  equal  to  the  cubic  expansion  of  a  bar.  To  illustrate 
lids  truth,  let  v  be  the  yolnme  of  a  cold  metallic  bar,  v*  its  volume  when  heated.  Now, 
Hlhe  expansion  takes  place  according  to  the  same  ratio  in  every  part  of  the  bar,  the 
latter,  when  hot,  will  have  the  same  shape  and  the  same  relative  dimensions  as  it  had 
vben  cold.  Hence  we  establish  the  proportion 
»  :  «'  :  :  1  :  (1  +  rf)' ;  or, 
f? :  f>'  :  :  1  :  1  +  3d  -f  Srf*  +  <i3. 
fiat  in  the  generality  of  these  cases  d  is  so  minute  a  fraction  that  3i^  and  ^  are 
dmoit  inappreciable,  and  need  not  be  taken  cognizance  of.  Hence  we  may  in  most 
«MB  be  content  with  indicating  the  total  increment  of  cubic  expansion  by  3<^:  neglect- 
iig  W  and  <P  altogether.  In  other  words,  the  linear  expansion  of  a  bar  multiplied 
Vf  8  represents  almost  exactly  its  cubic  expansion. 

To  show  how  safely  SuP  and  d^  may  be  omitted,  it  is  only  necessary  to  convert 
tee  literal  coefficients  into  numerals,  applying  them  to  some  specific  case.  Thus, 
Apposing  a  rod,  or  tube,  of  fiint  glass  to  be  20  inches  long  at  32%  and  that,  when 
Inated  to  212",  its  linear  amount  of  expansion  is  iV^th  of  its  length  at  32^,  or 
^th  of  20  inches  =  tH?^  of  an  inch,  or  in  decimals,  0*001602.  Beducing  now 
our  literal  coefficients  to  their  corresponding  numerals,  we  have 

Inches. 
1  =  20 

d  =  yfjy  =    0-00160200000  of  an  inch. 

1  +  rf  =  20  +  tJJt  =  2000160200000  „ 

3i  =  .^^  =    000480600000  „ 

8d|2  =  -riWftr  =    000007699200  „ 

^  =  T^WhpPi-    0-00000123640 

from  an  exanunation  of  whidi  the  extremely  small  value  of  3(^  and  (P  may  be 
recognized. 

lAiMar  Sxpamion  of  Solid  Bodi€s,  w/ien  heaUdfnm  32^  to  212^  Fah, 

Black  marble  (Lucullite)  .  000035300  =  ^^  Dunn  and  Sang. 

Caxrara  marble         ....  0*00083700  ss  ^^ 

White  glass  in  tubes  .        .  0-00089694  =  ^^  Lavoisier  and  Laplace. 

Flint  glass 0*00081166  =  t^ 

Earthenware 000083000  =  j^  Dalton.  . 
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linear  E/jmnmn  of  Solid  Bodies,  when  heated  from  ZT  to  212'  Fah. 

Hrown  Vayeiusti        ....  0-00040000  =  ^^ 

KiiiimtmY 0  00108333  =  t^    Smeftton. 

\\mnni\i 000139167  =  y^^ 

'/Am  {tmi)  ....  0-00294167  =  3^ 

(hftmmcM)     ....  000310883  =  3^ 

Miilii^fia  tin 0-00193765  =  ^1^    Lavoisier  and  Laj^Uee. 

I^ftU 000284836  =  ^fr 

Iroii  wiw» 0  00123504  =  ^1,^ 

iUn^er 000171733  =  3^^ 

Jirawt  wlrti 000193337  =  7^7    Smeaton. 

Hilvor 0*00190868  =  3^    Lavoisier  and  LapliM.  ||^ 

(Jold 000155166  =  3fr 

IMatinuni 0.0009918    =  ^^  Tronghton. 

l»ttUaaiuui 00010000    =  ^nAjTy  Wollaston. 


1 

t 


Anomaloui  Liquid  Xxpaxuion. — By  tliis  term  may  bo  indicated  the  peculiar 
rate*  of  t»xi>«niii(»u  aaaiimed  by  liquids  resulting  ftom  the  compression  of  gases. 
I'iiiloaopben  hava  been  in  the  habit  of  stating  that  gaseous  bodies  are  those  -which  of  j.^ 
all  others  undergo  the  gn^atest  amount  of  expansion  and  contraction  for  eqnal  rafessef  j.* 
teiu])erature.  The  liqui<U,  however,  now  treated  of,  at  least  many  of  them-— peihipi  1 
aU— depart  widely  IWm  the  law.  Thus  liquid  oarbonic  acid  is,  for  equal  increments  M. 
brut,  iHtunidovAbly  iuoi\^  expansible  than  air;  when  heated  from  32"^ to 86° Fah.,  twenty 
V\dumea  expand  to  twenty-nine,  which  is  about  five  times  the  rate  of  atmoi^herie 
dilatation.*  Liquid  aul|vhurous  «eid,  and  liquid  cyanogen,  according  to  Kemp,  fc^lov 
a  4H\rr%^)Hn)diug  anomaloui  law,  but  not  to  the  extent  of  carbonic  acid.  tt 

(>n  reviowiug  the  lab^mrs  of  idiilosophera  who  hare  investigated  the  subject  of  xite 
ivt*  e^|au\Aiivn  in  s^did««  it  will  be  seen  with  regret  that  no  general  principles  have  faeea 
dod\u\sl-  nv>  law  urviYt^d  at.  Nor  is  this,  periiaps,  a  matter  of  surprise,  wbea  fit 
oxvuxivlor  the  vuviatien  of  itu  \vular  constitution  to  which  non-crystalline  solids  are 
teubjvvc^  althoujih  their  jieUviv,!  physical  appoaraniv  remain  the  same.  Thus  all  malle- 
aWo  uiot;iU  ;uv  »\ibj<x't  to  ever-varying  dimensions,  acvvrxlir.s:  as  they  may  have  been 
huua«evv\l  uuuv  v*r  le>*;  and  all  fusible  mc:aU  are  suVjevt  to  the  same  variation, 
i4v\\>i\luv<  tv^  the  i-Hpiditv  with  which  they  aiv  iwled. 

A  5i\uil;iv  ieiv,t»V  av'.'liocji  t\)k  the  eRO»  aitendaii:  on  eorwv-j  determinations  of  the 
jtisviiio  h..t:  o:*  >olu!*.  Thus  K<,*i;:ttauh  hat^  moutionedf  iha:  soft  st^el.  the  density  of 
whWh  at  1  k*  K\  i^  1'^^$^^  poi»>e«s^  a  spix^UK  heat  ox  «>ll6J ;  whilst  the  specific  hmkti 
boixl  it\v\  >fchAv.*  vlov.sitv  ii  7*7v*Si,  rise*  t.^  0*1173.  T!ui:  th.*  srevid?  h,?at  c£  aoftML* 
*iK';A  hjiviv^  u  vlvu^ty  s^i  S  \>^«:i,  i*  vK'Sr>'^ ;  wbils:  tie  satis:^  rietal.  Iiar^ned  to  the 
dv  axi^Y  s**"  5^>^79*v  iN>»«N»e*  the  ^pe^^idHr  heat  o<  «hat<J8v 

TWc7  I^^i^i^v^  ^  s*fy:»feHuZi3^^  Vhtjiea  i»  the  9«.>Md  sur^ri;^^  &an  a&  csaaiiMtka  of 
^  V.\w^  expoufe^ve  rMs^M  ;Wttfee  ^ytKtil  «aw  is  hered*Wr  :.>  >e  ie\i^j:o>I  Jua  laxur^ifinn 
gi(^hi»  loi^  wae»  «x>K  uNkktta!tvtt  >y  MiftM^wcu-.h  4  Ix  whose  ssv.'p«»i)tI»iw«^M.  Fxwnel ;{ 
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more  lately,  Messrs.  Play  fair  and  Joulo,*  to  whose  respoctiTO  communications  the 
r  is  referred. 

liis  property  of  metals  has  heen  applied  to  a  rariety  of  useful  ptuposctr.  The  iron 
or  tire,  as  it  is  colled,  of  a  carriage-'wheol,  being  purposely  made  a  little  smaller 
the  wooden  circle,  is  enlarged  by  heat  so  as  to  embrace  the  latter ;  and  being  then 
nly  cooled  by  throwing  water  nxnm  it,  is  again  contracted,  and  becomes  immovably 

An  ingenious  use  of  the  same  principle  was  made  sorcral  years  ago,  at  Paris,  by 
olard,  in  restoring  to  the  perpendicular  two  opposite  walls  of  the  Museum  of  Arts 
[anufaetures,  which  had  been  pressed  outwards  by  the  'incumbent  weight.  A 
r  process  has  been  had  recourse  to  in  effecting  the  restoration  of  the  Cathedral  at 
^h.  Through  holes  in  the  walls,  opposite  to  each  other,  several  strong  iron  bars 
introduced,  so  as  to  cross  the  apartment,  and  to  project  outside  the  building 
e&tly  to  allow  strong  iron  plates,  or  wtiahert,  to  be  screwed  upon  their  ends.  The 
rere  then  heated,  and  tho  iron  plates  screwed  up.  On  cooling,  the  ban  contracted, 
rew  the  separated  walls  nearer  together ;  and  this  was  repeated  till  tho  walls  had 
.ed  their  perpendicular  position. 

le  expansion  of  metals  produces  important  eficcts  in  various  mechanical  instru- 
,  especially  in  clocks ;  for  a  pendulum  vibrating  seconds  will,  by  a  change  of 
rature  equal  to  30°  Fah.,  alter  its  length  about  3^^  part,  which  is  sufficient  to 
3  its  rate  of  going  eight  seconds  of  time  per  day. 

mapcBsation  Fendulvnui,  and  Balances. — Various  plans  have  beon  had 
se  to  fi)r  obviating  tho  errors  attendant  upon  the  elongation  and  contraction  of 
ndulums  of  clocks.  Tho  simplest,  and  per- 
he  best  plan,  irhen.  very  large  clocks  are  con- 
,  consists  in  making  the  pendulum-rod  of  wood, 
r  varnished.  The  inequalities  of  leng^  atten- 
Mm  variations  of  temperature  are  thus  in  a  great 
re  avoided;  wood  being  susceptible  of  these 
!S  to  a  very  slight  extent.  Ihrcept  the  wood 
(roughly  seasoned,  however,  and  the  coat  of 
i  be  accurately  laid  on,  variations  of  another 
irise,  due  to  tho  absorption  of  atmosphciic 
ro;  hence,  except  for  very  largo  clocks,  tho 
rment  of  wooden  pendulum-rods  cannot  be 
nended. 

other  means  of  avoiding  this  source  of  error 
andiron  pendulum,  as  it  is  technically  called 
ivention  of  Harrison.  This  form  of  pendulum 
•  rarely  employed  in  England,  although  it  is 
nly  used  abroad,  not  exactly  in  its  primitive 
but  slightly  altered  and  improved.    The  im- 

gridiron  compensation  pendulum  will  be 
tood  by  refercnco  to  the  accompanying 
IL 

B  eompensating  part  of  tho  instrument, 
C8    represented,    consists    of   five    vertical 

to  each  other  in  the  gridiron  form,  in  a  manner  to  be  presently 
•  •*  On.  Jour.  ofChem.  80c."  i.  121. 
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described.  Of  these  rods,  three  (Nos.  1,  8,  and  5)  are  of  steel,  and  two  (Nos.  2  and  4) 
of  zinc.  The  steel  rods  1  and  5  are  securely  fastened  above  to  the  brass  cross-piece  A  a, 
and  below  to  another  brass  cross-piece  of  similar  kind,  B  b.  The  central  steel  bar  is 
not  attached  to  either  of  these  cross-pieces ;  but  perforating  the  lower  one,  it  is  fixed  to 
the  pendulum- weight,  and  at  its  upper  extremity  is  attached  to  a  short  brass  cross- 
piece,  which  also  serves  as  the  point  of  attachment  for  the  upper  ends  of  the  zinc  rods 
2  and  4,  the  lower  ends  of  these  being  fixed  to  the  cross-piece  Bb.  The  total  expansion 
of  zinc  for  a  given  range  of  temperature  exceeds  that  of  steel  by  more  than  double ; 
hence,  in  the  above  instrument,  the  mutual  ratio  of  such  expansion  between  the  two 
metals  is  represented  by  an  aggregate  length  of  steel  bar,  which  expands  equally,  for 
equal  temperatures,  to  an  aggregate  length  of  zinc  bar ;  and  in  proportion  as  this  ratio 
is  accurately  maintained,  so  will  be  the  accuracy  of  adjustment.  Theoretically,  it  is 
conceivable  that  bar  No.  3  should  be  pushed  as  far  downward  as  the  zinc  bars  are 
pushed  upward ;  but  in  practice  this  accuracy  is  seldom  attained. 

In  the  original  gridiron  pendulum  of  Harrison  brass  was  used  instead  of  zinc  for 
the  upward  expansion ;  but  in  this  case  nine  bars  were  necessary  instead  of  five—the 
difference  of  expansion  between  steel  and  brass  being  less  than  that  existing  between 
steel  and  zinc.  A  third  description  of  compensation  balance  depends  for  its  conztnictioii 
on  the  same  principle  as  Bregult's  thermometer,  and  the  compensation  balance  q^dsg 
of  chronometers,  presently  to  be  described. 

Let  a  represent  a  metallic  pendulum-rod,  suspended  in  the  usual  manner  by.a  thin 
metallic  slip  to  the  fixed  point  b.    Let  c  e  represent  two  compound  slips  or  stops,  euik 

formed  of  two  plates,  one  of  brass,  the  other  of  steel— 
the  brass  aspect  being  uppermost.  These  compound 
slips  being  fixed  at  the  end  furthest  removed  from  the 
pendulum,  and  free  to]  move  at  the  other  end,  the 
result  will  be  as  follows :— When  the  temperature  is 
elevated  the  pendulum-rod  will  bo  elongated,  and  weie 
there  no  compensating  adjustment,  the  rate  of  going 
of  the  clock  would  be  retarded ;  but  the  same  eLeT»- 
tion  of  temperature  affects' the  stops  e  e,  causing  the 
brass  portions  of  them  to  expand  more  than  the  steel 
portions,  and  producing  in  each  a  curve,  the  convexity 
of  which  looks  upward,  as  represented  in  the  woodcnt 
(2),  the  virtual  effect  of  which  is  to  shorten  the  pen- 
dulum. The  effect  of  diminishing  temperature  will 
obviously  be  the  converse  of  the  preceding,  and  will 
be  represented  by  the  woodcut  (3).  Perhaps,  howerer, 
_»^  the  most  usual  contrivance  had  recourse  to  for  the 

^^*^^      H  purpose  of  equalizing  the  effective  length  of  a  pen- 

^       ^w      ^^  dulum,  under  varying  temperatures,  is  that  of  makiiig 

the  pendulum- weight  a  mass  of  quicksilver,  which, 
being  placed  in  a  glass  jar  of  proper  dimftTup^yniii  can 
be  so  adjusted  as  to  expand  upwards  in  the  same  ratio 
as  that  in  which  the  pendulum-rod  elongates.  The 
mercurial  pendulum  (see  next  page)  is  now  almost  ex- 
clusively used  in  this  country.  It  was  invented,  in 
1722,  by  our  countryman  Graham,  and  is  represented  by  the  following  sketch : 
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The  compeniation  ^akufle,  wHch  li  Cho  pnncip^l  dbtincliTG  feature  of  tb&  modmn 
_j[^,^        chronomoter,  ia  repres^t^d  by  t3ie  accompanying  woodctita,  which 
illuBtrato  the  two  Tarictica  of  this  intcroating  pieca  of  mcchaitkni. 

The  iemicircular  plcc^a  which  form  the  lim  of  the  balance  con- 
aist^  in  both  tho  imti^iiii^tA  horo  repTcsented,  of  a  voiy  thia  picsoe  of 
ateel,  mth  an  outer  rini  of  broEs  firmly  attached  to  And  fanning  one 


picco  'trfih  it.  The  mannfactoiie  of  theie  DOmponaation  balancee  $a 
^exceedingly  gutiousl  A  circular  piece  of  atoclf  of  the  ake  of  the 
intended  balance,  bemg  itccurately  tutnod,  a  atnall  piTot^hole  m  m&dfi 
throngh  the  centre.  It  is  then  imuicrsed  into  fuaed  braes^  "with 
which  it  beeamea  aocnratcly  coTored.  Suhsequently  the  brass  is  filed 
away  from  the  aidea^  and  partially  from  the  edge,  in  snch  a  manner 
that  only  a  ring  of  brao^  rcmaina  firmly  attached  to  the  atci^  at  erery 
point ;  the  whole  ia  then  carefiiily  condensed  by  meanfi  of  hammering 
Of  bumiahing,  &e  steel  ia  tnmed  away  from  the  centre  and  tba  brofla  extcnmlly,  so  as  to 
lesTe  ft  thin  compound  ling^  of  which  the  braaa  part  is  about  twice  the  thiokneaa*of  the 
rteal  part.  Bming  this  opemtion  the  iitccl  ia  not  entirely  removed  &om  the  centre^ft 
thin  portion  being  left,  out  of  wMoh  ia  cut  the  bar  A  B.  The  balance  is  completed  by 
lentormg  the  supoflnoui  parts  of  this  transverse  piece  of  steely  and  cutting  through  the 
oampound  ring  at  a  ^.  The  balance  is  next  adjusted^  which  ia  either  aceompliahed  by 
sliding  weighta,  as  in  fig.  1,  or  by  a  number  of  smdl  acrawa,  as  in  fig.  2,  wHoh  admit 
<if  being  acrowcd  in  or  withdrawn  according  to  circnmstancea.  The  acrews  C  C,  called 
mtfin-iime  scrcwt,  Jugulate,  by  being  screwed  in  more  or  leas,  the  rate  of  the  chrono- 
meter, bnt  have  nothing  to  do  with  the  compenaation  for  changes  of  temperature. 
This  is  effected  spontaneoualy  by  tha  very  nature  of  the  balance  itself,  on  the  principle 
that  brass  and  steel  expand  unequally  for  ef^ual  temperatures ;  the  compound  rim 
eumug  inwG^ds,  and  thereby  diminiahing  the  cantriAigal  force  of  the  balan<^e  when 
the  balance-ipTing  ia  relaxed  by  heat ;  or  expanding,  and  thereby  producing  the  con^ 
trory  effect,  when  the  spring  is  braced  by  cold.  The  proper  situation  of  the  weights 
W  W,  or  the  regulating  screws  1,  2,  3,  4,  ia  Bsceilained  by  experiment ;  the  amo^mt  of 
eompenaation  being  jester  in  proportion  as  the  weights  are  nearer  to  the  &ce  ends  of 
the  rim  in  the  balance  repreflcnted  by  fig,  1,  while  in  the  other  form  the  like  effect  ia 
produced  by  moMng  the  screwa  project  more  or  leas.  Finally,  tlio  whole  balance  spring 
is  in  many  cases  protected  from  atmoapheric  agonciee,  and  the  steel  portion  of  it  protected 
from  roat,  by  coTering  it  with  a  thin  layer  of  gold  by  the  elcctxometaUurgic  procesa. 
This  process  is  due  to  the  ingenuity  of  Mr.  Bent,  who  has  oko  introduced  the  Improve- 
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meat  of  making  the  balance  spring  otglau;  the  only  disadyaatage  in  the  use  of  vhich 
hemg  the  difficulty  of  making  this  delicate  appendage  with  certainty. 

The  degree  of  expansion  is  not  the  same  ^r  all  solids,  and  even  differs  mateiially  in 
substances  of  the  same  class.  Thns,  the  metals  expand  in  the  following  order,  the  most 
expansible  being  placed  first :  zinc,  lead,  tin,  copper,  bismuth,  irpn,  steel,  antimony, 
palladium,  platinum.  The  experiments  of  Petit  and  Dulong  ('<  Annals  of  Philosophy," 
xiii.  164)  tend  to  show  that  unequal  degrees  of  expansion  are  produced  in  a  bar  of 
metal  by  a  succession  of  similar  increments  of  heat ;  the  rate  of  expansion  increasmg 
with  the  temperature,  as  appears  from  the  following  table  : — 


Temperatures  measured  by 
Expansion  of  Air. 

ExpansionB  in  bulk  of 
Iron.    Copper.    Platinum. 

Linear  Ezpamsions. 
Iron.    Copper.    Flatinam. 

0='  to  100'  cent,  give     .     . 
0^  to  300'  cent,  (mean)      . 

•  T5T           T9*           TTT 

•  5^2T        T^        iria 

■sis  ill  tAt 
F8T          TfaT          xoib 

The  expansion  of  bodies  by  heat,  and,  conyerscly,  their  contraction  by  eo^  an 
functions  not  only  of  theoretical  interest,  but  of  the  highest  practical  importaBee.  Kot 
only  is  a  correct  knowledge  of  this  amount  of  expansion  necessary  to  the  orehiteife  and 
engineer,  but  the  greater  number  of  our  instruments  for  indicating  and  iiii*1ii  iii|], 
temperature  depend  upon  an  application  of  the  laws  of  expansion  and  conlaetiaB^  An 
instniment  may  be  adapted  merely  for  indicating  a  difference  of  temperatOEe^  iii&ont 
cipressing  the  anH)unt  of  such  variation :  such  instruments  are  termed  Iftnatiilwpes. 
Other  instruments  are  adapted  not  only  to  indicate  a  difference  of  temperafeuroy  l*t  the 
amouzLt  of  that  difiiorence,  referred  to  some  conventional  standard  of  gradttatioii.  Such 
inatnunenta  are  termed  thermometers  when  the  temperatures  intended  to  bo  measured 
by  them  ace  low ;  pyrometers  when  they  are  destined  to  measure  temperatures  of  a 
hi^^ier  range.  StiicUy  speaking,  the  difGerence  between  the  two  i&  arbitrary,  and  the 
doable  nanw  seema  unnecessary.  It  is  generally,  however,  understood  that  eresy 
mstnuBeni  inteiided  for  the  measurement  of  temperatures  above  the  boiling  point  of 
mOTcory,  662°  Fah.,  ia  a  pyrometer. 

A.  deeoription  of  the  different  varieties  of  thermoaoopes,  thermometers,  and  pyxo- 
metera,  will  be  given  hereafter.  In  this  place  it  is  merely  desired  to  discuss  the  con- 
dxtioBS  necessary  to  be  possessed  by  a  thermo-cxpansive  material,  in  order  that  it  may 
be  adapted  to  the  formation  of  heat-measuring,  or  heat-indicating  instruments. 

Inasmneh  as  solids,  liquids^  and  gases,  are  all  subject  to  the  general  law  of  expan- 
sion by  heat  and  its  converse,  there  does  not  appear  any  theoretical  a  priori  objection 
to  the  adoption  of  either ;  nevertheless,  it  will  be  seen,  on  consideration,  that  the  ther- 
mometrie  range  of  any  given  liquid  is  limited  by  the  solidifying  or  freeaing  point  nf 
saeh  liquid  at  one  extremity  of  the  seale,  and  its  boiling  point  at  the  other ;  for  whieh 
reason  liquids  are  imadapted  to  measure  by  their  amount  of  dilatation  the  exist^iee  of 
tiie  higher  temperatures — ^in  other  words,  they  are  inapplieable  to  tlie  purpoee  of 
pyrometers,  for  whieh  latter,  either  solids  of  great  infusibility  or  gases  nnat  be 
employed.  It  happens,  novertheloss,  that  by  far  the  greater  number  of  thennal 
phenomena,  presentimg  themselves  in  ordinary  philosophical  investigations^  are  ni>t 
above  the  degree  of  662''  Fah.,  or  that  of  the  boiling  point  of  mercury,  and  not  bolow  the 
freeaing-point  of  the  same,  which  is,  in  round  numbers,  —  40%'or  40'  below  zero.  Hence 
the  expansion  and  oontraetioB  of  mercury,  in  a  graduated  glass  tube,imder  the  name  of  the 
mercurial  thermometer,  becomes  the  most  ttsnal  standard  of  thermometiic  comporiaon. 
If  mercury  were  endowed  with  a  freezing-point  lower  than  —  40%  to  an  extent  commen- 
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ninto  with  the  iva&ts  of  philoiophen,  thero  scemino  reason  why  any  other  liquid  than 
merBuxy  should  he  employed  in  theriBomotcrs ;  hut  occasionally  temporatozea  have  to 
be  moarared  which  are  lower  than  —  40 '.  llcnce,  somo  liquid  must  ho  employed  that  ia 
espahle  of  retaining  its  fimd  state  far  helow  this  tomporaturc.  Alcohol  is  the  fluid  then 
adopted.  Pure  akohol  has  never  heen  froacn;  hence  there  should  seem  no  limit  from 
that  cause  in  the  downward  scale  of  indication,  and  it  answors  the  intended  purpose 
very  aatisfiustoiily.  In  conducting  certain  specific  linos  of  rcacaroh,  thermometers 
filled  with  other  liquids  than  mercury  or  alcohol  have  heen  occasionally  employed  by 
philosophers ;  indeed,  every  liqiud  uiay  bo  employed  as  a  medium  of  thermometrio 
measurement  between  the  limits  of  its  frcoxing  and  boiling  point,  with  the  jrole  ezoep- 
tum  of  water,  which,  on  account  of  a  peculiarity  of  expansion  and  contraction,  to  be 
detailed  heroifter,  is  unadaptcd  to  the  purpose. 

FjxoBMton  Mid.TbMnBoaMt«nk— The  most  celebrated  pyrometer  is  that  of  Mr. 
Wedgwood;  and  although  the  instrument  be  incorrect,  it  is  still  worthy  of  a  short  notioe. 
Mr.  Wedgwood,  in  the  course  of  lus  technical  operations,  hod  his  attentiMi  directed  to  the 
eentraetioa  of  day  when  exposed  to  furnace  heat  Imagining  that  the  amount  of  con- 
tnetioa  was  proportional  to  the  heat  employed,  the  idea  ooonrred  of  measuring  high 
tsmperaturee  by  estimating  the  amount  of  contraction  undergone  by  an  acountely 
formed  wedge  of  clay.  Supposing  the  first  assumption  to  be  correct,  it  is  evident  th«t 
the  remit  would  have  been  as  Wedgwood  anticipated;  and  that  a  clay  wedge,  which 
before  hisating  exactly  fitted  a  gauge,  would  after  heating  no  longer  fit  the  same 
gauge.  Such  is  the  principle  of  Wedgwood's  pyrometer ;  the  gauge  of  which  is  formed 
of  two  convergent  metallic  grooves  in  a  vertical  plane,  and  graduated.  In  proportion 
as  the  wedge  sank  deeper  towards  the  apex  of  convergence  of  the  grooves,  so  was  it 
assumed  that  the  heat  to  bo  estimated  had  been  greater. 

Even  had  the  principle  been  correct,  an  almost  insuperable  difficulty  would  have 
interposed  in  the  circumstance  that  no  two  specimens  of  day  are  exactly  of  the  samo 
composition.  But  there  is  another  objection,  one  of  principle,  and  it  is  fatal  to  the 
accuracy  of  the  instrument.  A  long  continued  and  gentle  heat  is  competent  to  efifect 
the  same  amount  of  contraction  as  a  short  but  violent  heat.  It  may  bo  well  here  to 
point  out  that  the  contraction  of  day  by  heating  is  not,  as  it  at  first  seems,  on  excep- 
tion to  the  generd  law.  Clay  suffiBrs  contraction  on  account  of  the  loss  of  water  with 
which  it  is  chemically  combined. 

A  more  accurate  pyrometer  is  that  invented  by  the  late  Professor  DanicU,  and  which 
bears  his  name.  It  is  founded  on  the  principle  of  measuring  the  expansion  occurring 
to  a  bar  of  metd,  for  the  most  part  of  platium  or  iron.  Like  the  pjTometer  of  Wcdg^ 
wood,  it  consists  of  two  parts ;  one  of  which  alone  is  subjected  to  heat,  the  other  being 
a  register,  or  measurer  of  dilatation.  That  portion  of  the  instrument  subjected  t)  the 
effects  of  heat,  consists  of  a  block  of  black-lead  crucible  ware,  into  which,  but  not 

!  through  it,  is  drilled  a  hole  something  longer  than  a  metallic  bar  intended  to  be  dropped 

I  into  it.  Supposing  an  observation  to  bo  made,  the  metallic  bar  is  first  placed  in  its 
black-lead  sheath,  and  a  cylindricd  piece  of  porcelain  introduced  above.  The  intention 
of  this  porcelain  cylinder  is  to  act  as  an  index,  for  which  purpose  it  is  fixed,  by  means 
of  a  platinum  strap  and  porcelain  wedge,  loosely  enough  to  admit  of  motion  forwards 
as  the  iron  xyresscs  against  it,  but  mth  sufficient  tightness  not  to  slide  back  again.  All 
that  now  remains  to  be  done,  is  to  measure,  by  means  of  a  graduated  scde,  the  amount 

I  to  which  the  index  has  been  thrust  forward. 

I        "  When  an  observation  is  to  bo  made,  a  bar  of  platinum,  or  malleable  iron,  is  placed 
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in  fhe  cavity  of  the  register,  the  index  is  to  be  pressed  down  upon  it,  and  finnly  fixed 
in  its  place  hy  the  platmmn  strap  and  porcelain  wedge.  The  scale  is  then  to  be  a]^ed 
by  carefully  adjusting  the  brass  rule  to  the  sides  of  the  register,  and  fixing  it  by  press* 
ing  the  cross-piece  npon  the  shoulder,  and  placing  the  moyeable  arm  so  that  the  steel 
point  of  the  radius  may  drop  into  a  small  cavity  made  for  its  reception,  and  coincidmg 
with  the  axis  of  the  metallic  bar.  The  minute  of  the  degree  must  then  be  noted,  which  tiie 
nonius  indicates  upon  the  arc.  A  similar  observation  must  be  made  after  the  register 
has  been  exposed  to  the  increased  temperature  which  it  is  designed  to  measure,  and 
again  cooled ;  and  it  will  be  found  that  the  nonius  has  been  moved  forward  a  certain 
number  of  degrees  or  minutes.  The  scale  of  this  pyrometer  is  readily  connected  with 
that  of  the  thermometer  by  immersing  the  register  in  boiling  mercury,  whose  tempera- 
ture is  as  constant  as  that  of  boiling  water,  and  has  been  accurately  determined  by  the 
thermometer.  The  amount  of  expansion  for  a  known  nnmber  of  degrees  is  thus  deter- 
mined, and  the  value  of  all  other  expansions  may  be  considered  as  proportional."— 
Danibll's  Elements. 

The  accuracy  of  this  instrument,  it  is  evident,  will  be,  ceteris  paribus,  in  proportioii 
to  the  equality  of  dilatation  experienced  by  the  metallic  bar  at  different  temperatures ; 
but  this  not  being  strictly  the  case,  the  pyrometer  of  Daniell  is  open  to  the  objectioB 
which  applies  to  all  thermometers. 

The  instrument  has  been  successfully  applied  to  the  purpose  of  ascertaining  the 
maximum  expansion  attained  by  any  metal  before  undergoing  fusion.  In  this  way  the 
following  results  were  obtained : — 

TABLE  OF  PROGEBfiSIVE  DILATATION  OF  SOLIDS.— 1000000  PAKTff  AT  62*. 


At  212°. 

At662^ 

At  Faaing  Point. 

Black-lead  ware  . 

1000244 

1000703 

Wedgwood  ware 

1000735 

1002995 

Platinum 

1000736 

1002995 

1009926  maximum,  but  pot  fused 

Iron  (wrought) 
Iron  (cast)  . 

1000984 

1004483 

1018378  to  the  fusingpoint  of  cast  iron 

1000893 

1003943 

1016389 

Gold   . 

1001025 

1004238 

1024376 

Copper  . 

1001430 

1006347 

1024376 

Silver  . 

1001626 

1006886 

1020640 

Zinc   . 

1002480 

1008527 

1012621 

Lead   . 

1002323 

... 

1009072 

Tin 

1001472 

.   .   . 

1003798 

The  air  thermometer  of  PouiUet*  consists  of  a  hoUow  platinum  sphere  communi- 
cating with  an  escape  tube,  through  which  the  air  presses  in  proportion  as  the  heat 
applied  to  the  hollow  sphere.  Although  the  principle  of  this  instrument  is  simple,  its 
practice  is  attended  with  many  difficulties.  So  many  precautions  have  to  be  taken,  and 
corrections  made,  that  its  indications  can  scarcely  be  depended  upon.  By  sli^^tly 
varying  this  principle,  a  very  ingenious  air  pyrometer  has  been  contrived  by  M. 
Peterson.  His  apparatus  consists  of  a  platin\mi  flask  closed  by  a  screw,  but  not  abso- 
lutely air-tight.    Thus  prepared,  the  flask  is  taken  from  the  source  of  heat  and  rapidly 

*  **  Poggendorff '8  Annalen,"  S9,  367.  "  Poaillet*8  EMmens de  Physiqiie  et  de  M^t^orolo^/*  9a» 
Ed.,  torn.  I.,  p.  351. 
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plunged  under  water,  when  the  internal  rolome  of  air  oontractiDg,  water  nuhes  in 
between  the  sorew  threads  to  supply  its  place.  The  flask  being  now  weighed,  it  is 
evident  that  the  increase  of  weight  due  to  the  presence  of  water  will  be  directly  pro- 
portioiiate  to  the  amount  of  air  expelled ;  or,  in  other  words,  to  the  air's  expansion  due 
to  heat.  Henoe  the  determination  of  the  amount  of  heat  ultimately  resolyes  itself  into 
a  determinatioin  of  the  air.expansion ;  and  as  air  expands  7^  th  of  its  volume,  at  32**  for 
theinerement  of  eyery  degree  on  Fahrenheit's  scale,  the  theoretical  solution  of  the 
problem  is  easy,  although  certain  practical  difficulties  intervene. 

AR  the  Ibennometric  and  thermoecopio  instruments  hitherto  described  haye  refer- 
ence to  the  thermal  variation  in  dimensions  of  solids,  liquids,  or  gases ;  the  most 
delicate  indieator  of  temperature  or  thermoecope,  however,  is  totally  indep^dent  of 
thia  Amotion,  and  derives  its  indications  from  an  observance  of  the  deflection  of  a 
magnetic  needle.  The  Aill  comprehension  of  the  nature  of  this  instrument  must  be 
postponed  until  the  chapter  on  electricity,  on  the  operation  of  which  it  depends ; 
meanwhile  it  may  be  stated,  however,  that  the  alteration  of  temperature  occurring  in 
any  body  is  always  accompanied  by  electrical  disturbance,— which  electrical  dis- 
tuxbanoe,  if  made  to  traverse  a  circuit  parallel  to  a  freely  poised  magnetic  needle,  the 
latter  is  more  or  less  deflected;  whence  it  follows,  that  the  deflection  of  a  poised 
magnetic  needle  becomes  an  indication  of  temperature.  Unfortunately  this  very 
delicate  instrument,  although  highly  sensitive  to  changes  of  temperature,  is  not  com- 
petent to  indicate  the  amount  of  such  change — hence  it  is  a  mere  thermoscope,  not  a 
thermometer.  By  its  inventor,  Signer  Nobili,  this  instrument  has  been  termed  the 
thermomultiplier :  it  has  been  much  used  by  Signor  Melloni  in  testing  the  presence  or 
absence  of  thermal  rays  in  luminous  radiant  matter. 

M.  Breguet  has  constructed  a  very  sensible  metallic  thermometer,  for  temperatures 
between  the  freezing  and  boiling  points  of  water,*  by  taking  advantage  of  another 
thermic  function,  the  unequal  expansion  and  contraction  of  different  solids. 

A  good  class-room  experiment  fbr  illustrating  this  inequality  of  expansion  is  the 
following.  Let  there  be  provided  two  slips,  or  thin  bars,  one  of  iron,  the  other  of 
brass — each  about  -^th  of  an  inch  thick,  about  2  inches  wide,  and  15  inches  long.  Let 
these  two  slips  of  equal  size  in  every  respect  be  now  firmly  rivetted  together,  and  a 
compound  slip  formed,  as  repre- 


sented by  the  woodcut  a,  ^^■**^'*^^^™*^^*«BaHa=»Mi  tL' 

Exposed  to  ordinary  atmospheric  temperatures,  a  compound  slip  of  this  kind  remains 

straight ;  but  if  it  be  heated,  a  curved  form 
results,  as  shown  in  Figs,  b  and  Cy  the  con- 
vex side  of  the  curve  being  in  all  cases  the 
brass  slip,  whether  the  source  of  heat  has 
been  applied  to  the  iron  or  the  brass  side  of 
the  compound  slip. 

The  principle  of  Breguef  s  thermometer 
wiU  now  be  readily  apparent.  It  consists 
of  a  slip  of  silver  and  another  of  platinum,  united  face  to  face  with  solder,  and  coiled 
mto  a  spiral,  one  end  of  which  is  fixed,  while  the  other  is  connected  with  an  index 
which  moves  over  a  circular  graduated  plate.  Strictly,  two  metals  only  are  sufficient 
for  the  purpose,  platinum  and  silver  for  instance ;  but  it  has  been  found  to  be  an  improve- 
ment to  employ  three,  and  the  instrument  is  now  prepared  by  interposing  between  the 
•  "  Ann.  de  Chim.  et  de  Phys., »» r.  «12. 
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platinum  and  silver  a  metal  of  mean  dilatabilitj,  such  as  pure  g(dd.    The  unequal 

expansion  of  the  metaU  causes  the  spiral  to  increase  or  diminish  the  degree  of  its  car- 

vature  by  variations  of  temperature ;  and  the  needle,  being  attached  at  right  angles  to 

the  axis  of  the  spiral,  is  thus  made  to  traverse  the  graduated  circle.    Experiment  has 

shown  that  the  needle,  for  equal  changes  of  temperature,  moves  over  equal  arcs,  so  that 

the  instrument  is  comparable,  not  only  with  itself,  but  with  others  constructed  on  the 

same  principle.    Such  was  found  to  be  its  great  sensibility,  that,  when  inclosed  ia  a 

largo  receiycr,  which  was  rapidly  exhausted  by  the  air-pump,  it  indicated  a  reduetion 

of  temperature  from  66°  Fah.  to  25°  (=:  4^")^  while  a 

sensible  mercurial  thermometer,  similazly  situated,  fell 

only  3'6°.    The  appended  woodcut  further  illustrates  the 

nature  of  the  instrument. 

To  the  general  law  of  the  expansion  of  bodies  by 
heat,  and  their  oontraetion  by  cold,  thero  are,  however, 
several  exceptiona  Water  by  freezing  ia  considerably 
increased  in  bulk ;  salts  in  the  act  of  crystallizing  ex- 
pand ;  and  some  of  the  metals,  aa  cast-iron,  bismuth,  and 
antimony,  have  their  dimensions  enlarged  by  con- 
g^eaUng;  but  mercury  and  other  metals  follow  the 
^^■■i  I  generallaw,  and  occupy  less  bulk  when  solid  than  whea 

'  fluid. 

The  greater  bulk  oocupi«d  by  ice  than  the  water  yielding  it  is  but  one  exempli- 
fication of  a  general  law  to  which  the  greater  number  of  crystallizable  bodies  an 
subject— t.  e.y  they  expand  during  the  act  of  crystallization.  In  another  respect  the 
relations  of  water  to  temperaturo  and  bulk  are  remarkable,  and  without  parallel.  Kot 
only  does  water  expand  at  32°,  the  freezing  temperature,  but  some  degrees  above  this, 
inasmuch  as  a  portion  of  water  acquires  its  greatest  density  somewhere  between  the 
degrees  of  30^  and  40°  Fah.,  so  that  if  brought  to  this  temperature  a  portion  of  water 
expands,  whether  heated  or  cooled.  This  fact  may  readily  be  demonstrated  by  meaaa 
of  a  simple  apparatus. 

Let  a  Florence  oil  flask  be  supplied  with  a  tightly-flttiag 
perforated  cork,  to  which  is  attached  a  piece  of  glass  tube^ 
having  a  bore  from  the  eighth  to  the  tenth  of  an  inch  in  dia- 
meter, and  a  length  of  about  two  feet. 

Let  the  Florence  flask  be  now  propped  upright  by  moans 
of  a  ring  of  tow,  or  other  convenient  support,  in  a  beaker  or 
jar,  to  serve  the  purpose  of  a  bath,  and  let  water  of  the  tem- 
perature of  about  60'  Fah.  be  poured  into  the  tube  until  the 
flask  and  tube  are  nearly  full.  This  disposition  being  made 
cold  should  be  now  applied  to  the  Florence  flask  externally, 
by  pouring  water,  containing  a  little  ice,  into  the  bath. 
Under  these  circumstances  the  level  of  the  water  in  the  tube 
wUl  continue  to  fall  until  the  thermometer  indicates  the  tem- 
perature of  the  bath,  and  consequently  of  the  water  in  the 

Floi-ence  flask,  to  be  about  iO"*  Fah.  From  this  point  it  will  be  remarked  that  a  con- 
tinued application  of  cold  occasions  expansion;  and  this  expansion  through  the  eight 
degrees  of  decrement  of  temperaturo  between  40''  and  32°,  is  about  equal  to  the 
expansion  consequent  on  eight  degrees  of  thermal  increment ;  so  that  at  38"*  Fah.  a 
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grai  veig^  of  water  ooeupiM  tha  same  bulk  us  at  42\  at  37'  Fah.  the  same  bulk  as 
tt  49%  iaidm  Hk«  aumnar  for  the  remaining  degrees. 

Thk  pecoliaxity  in  thaezpantion  and  coatraotion  of  water  under  thermal  influence 
waa  fint  remaakedby  the  .Fknentino  academieians  towards  the  latter  end  of  the  17th 
MOituzj,  and  ahnoit  immediately  after  confirmed  in  England  by  Drs.  Grounc  and  '\Vallia» 
and  Measra.  Hooks  and  Hunt 

For  the  aake  of  ayoiding  oomplication  in  directioui  fbr  conducting  the  preceding 
fn^mm&nif  the  round  number,  40^  Fah.,  has  been  adopted  as  that  at  which  a  given 
wnghtof  water  attaiaa  its  maTJmum  contraction.  In  point  of  fact,  howercr,  it  is 
eaoeedingilj  difl&ealt  to  ascertain  the  exaet  degree,  or  fraction  of  a  degree,  at  which  this 
maxinrana  coadensatioQ  is  aeocrnqdished.  According  toCrichtoa  the  degree  ia  42*  Fah.,* 
vhilat  the  eKperimeDts  of  HallatrSm  place  it  at  39-4.t 

Mocexeeeatly  M.  Despreti,  baring  applied  himself  to  this  difficult  inyestigatioB, 
aniTed  at  tha  eoaeloaion  that  water  attains  its  maximum  density  at  +  4°  centigrade 
=  38-2°  Fidi.  His  results  seem  to  indicate,  moreover,  that  the  downward  rate  of 
dilatatioiK  is  aoro  oonaideralde  than  the  upward  rate.  The  difEerence,  however, 
taeoidiiig  to  this  philoaopher,  is  very  mmuto,  and  may  be  probably  attributable  to 
onma  oCappaFatiis  or  ofaaenration.  The  same  philosopher  also  finds  that  sea  water, 
•■d  aH  aaline  aolatiana,  have  a  maximum  of  density,  and  that  this  aaaximnm  of  density 
■nka  aaof»xapidly  than  the  point  of  congelation.} 

**  The  aBosMlona  ea^ansion  of  water  by  oold,^  remarka  a  modem  philosopher,^  **  is 
prodaotm  of  soase  most  important  consequences  in  nature;  lor  if  water,  like  otiier 
flBkd%  want  on  diaBinishing  in  bulk,  and  (herefiire  increasing  in  density,  till  it  froae, 
large  bodies  of  water,  instead  of  being  onhr  supafidslly  frosen  in  winter,  would 
baaoaoe  acdid  masses  of  ice.  Let  us  tsko  a  fresh-water  lake  as  an  example.  The  earth 
being  wanner  in  winter  than  the  air,  the  heat  is  withdrawn  from  the  gur/aee  of  the 
water  bj  the  eoid  bseeses  that  blow  over  it,  and  the  whole  body  of  water  has  its  tem- 
perature lowered  to  40"*,  which  is  the  point  of  its  greatest  density ,  and  a  temperature 
congenial  to  fish  and  other  aquatic  animals.  The  cold  now  continues  to  operato  upon 
tha  smfiMS  of  tha  water ;  but  instead  of  dinmnBhing  ite  bulk,  and  rendering  it  heavier 
than  the  wanner  water  underneath,  it  expands  and  renders  it  lighitr;  so  that,  under 
these  eircumstsnoes,  a  stratum  of  ice^sold  water  (at  32°)  will  be  fbund  l3ring  upon  a 
mass  of  wanoer  water  beneath  it  (at  40°).  The  influence  of  the  cold  continuing,  the 
snriiea  of  tha  lake  will  soon  frsese,  but  the  wator  immediately  below  the  snpcrficisl 
coating  of  ice  wiU  be  found  comparatively  warm ;  and  as  water  is  almost  a  non- 
conductor of  heat,  it  will  be  a  long  time  before  the  ice  attains  any  thickaess ;  and  the 
whole  body  of  water,  if  of  any  depth,  con  never  freeze  throughout.  Indeed,  it  will  be 
obvioas  that  1^  retardation  of  freezing  will  be  proportional  to  the  depth  of  water  which 
has  to  be  cooled,  and  hence  some  very  deep  basins  or  lakes  are  scarcely  ever  covered 
with  ice." 

II.  Cgtutrtietian  sf  the  tkermwuUr,  founded  on  the  primaiple  of  estpanmon.-^Tho 
thermometer  is  an  instrument  of  so  much  importance,  that  it  may  be  expedient  to  trace 
iti  history,  and  to  explain  the  construction  of  tho  diffimmt  kinds  which  are  required  in 
ofafBiical  researches. 

The  instrument  employed  by  Sanctorio,  to  whom  tho  invention  of  the  thermometer 

•  «•  Asm.  of  PMl.,"  n«w  series,  t.  p.  491.         +  "  Ann.  de  Chim.  et  Phys.,"  xxviii.  p.  90. 
t  Vide  dtlgliial  Monognph,  by  M.  Despretx,  *'  Aim.  de  Chim.  et  PhyB.,"  t.  \xx. 
I  ProCBBior  Brande.     ' 
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J0  gMMTftlly  MCTi1>6dy  WM  of  ft  Teij  Simple  kindy  and  measiired  Tuiatians  of  tempen* 
idre  by  the  rariftbld  expansion  of  a  confined  portion  of  air.  To  prepare  this  instmment, 
a  glass  tube  is  to  be  prorided,  eighteen  inches  long,  open  at  one  end,  and  Uown  into 
A  ball  at  the  other.  On  applying  a  warm  hand  to  the  ball,  the  indnded  air  expands, 
and  II  portion  is  expelled  through  the  open  end  of  the  tabe.  In  this  state  the  aperture 
is  quiokly  immersed  in  a  cup  filled  with  any  coloured  liquid,  which  ascends  into  the 
tube  as  the  air  in  the  ball  contracts  by  cooling.  The  instrument  is  now  prepared. 
An  inoreftse  of  temperature  forces  the  liquor  down  the  tube ;  and,  on  the  contrary,  the 
ftpplioAtiofl  of  cold  causes  its  ascent.  These  efiiects  may  be  exhibited  altematdy  by 
Applying  the  hand  to  the  ball,  and  then  blowing  on  it  witii  a  pair  of  beUows.  By  the 
ApplioAtion  of  a  graduated  scale  the  amount  of  the  expansion  may  be  measured.) 

The  ball  of  the  above  instrument,  it  must  be  obyious,  cannot  be  conTeniendy 
Applied  to  measure  the  temperature  of  liquids.  For  adapting  it  to  this  purpose,  a 
slight  VAriaUon  may  be  made  in  its  construction.  To  prepare  this  instrument,  a  smaU 
Ipherical  glass  rosscl  is  to  be  about  one-sixth  or  one-fourth  filled  with  any  coloured 
liquid.  The  tube,  open  at  both  ends,  is  then  to  be  cemented  into  the  neck,  with  its 
lower  Aperture  beneath  the  surfooe  of  the  fiuid.  The  expansion  of  the  included  sir 
drives  Uie  liquid  up  the  item,  to  which  wo  may  affix  a  graduated  scale,  corresponduig 
with  that  of  a  common  merourial  thermometer.  Other  modifications  have  also  beea 
made  by  dtflbrent  philosophers.  One  of  the  most  useful  and  simple  consists  merely  ef 
A  tube  of  vi^ry  smill  bore,  ih»n  9  to  12  inches  long,  at  one  end  of  which  is  blown  a  ball, 
firmn  half  AH  inoh  to  an  inoh  in  diameter,  which  is  afterwards  Uaekened  by  paint,  or  by 
lh«  Aikioke  of  A  CAudle.  A  boiaII  oolumn  of  coloured  liquid,  about  an  inch  in  lengtii,' 
i«  Ihim  inlrodut^,  by  a  manipulation  similar  to  that  already  deseribed.  To  fit  tin 
(HHriim^t  fbr  uee^  this  eolomn  ouf^t  to  be  stationary,  about  the  middle  of  the  tube, 
Al  Um  <HMiitiioti  temperature  of  Um  atmosphere.  The  slightest  Tariation  of  temperature 
<»i(«i»i\»ii»  the  mowment  of  the  eolomed  Hquid ;  and  a  scale  of  equal  parts  measures  Ihe 
AMMMml  v^  the  ellWt 

An  tMrnpevuKle  i»)^lioia»  howe^tar^  to  Um  air  tbennomcter,  «t  Ihm  emsirueUd,  Is, 
UmI  i%  t«  aMWM  tti^t  oiil^  l»y  changes  of  tempetatnie^  h«l  by  Tsnations  of  atmoapheiie 
|vw«MViK  tla  utiUty*  <(K'HiMials  iia  the  grvsit  usownt  of  the  expansion  of  air,  which,  by  a 
l|t(tiNa  «le>t«II^Ma  t^  liMAp«tAt«Ww  is  UMKSMd  in  Wlk  ahovt  twenty  timcis.  mne  tibaa 
AWKiwyv  lt«iiv^  tl  is  ijilA|tM  t»  <lHfMt  lunutir  ehan(^t«k  widdi  this  meranal  tiieimo- 
amN«  >kvi«IiI  «M«^Mf  <ttw«t«r  i  ai»l  its  ^xpansMtts;  h«ui^  wailbna  fior  equal 
^h<tfct  it  is  Wtlur  it^fitn4  tham  amy  ttq^ssii  for  Wwwimag^  wfcaa  jnfedj  affiled, 


A«i  ii^snia^oa^  Aii»filiiii»sili»iNa  WTthe  air  tlwiiawaniiM  kat  Wsm  iansiijl  by  Mr.  Leslie^ 
Aliii  <<i>|JMyhl  Vy  yiAk  wiik  i|v«ift  «i>l««afei|pA.  ^  htt 

)S«%  MMr  mi  sial  liw^  iIk^  Wm«  miisiwlbil  watoaei  s>  A»  tiAar  gais  (a  asttll 

^MUBM-  t«j)«^  SB«^  Ji«tel  %i^ttli*s  Vjr  tlir  ibwie  «f  a  H^w^^iia.  ami  aiki  ■  mis  heat 

>»rt<tt^  ^l#^  tik^  ^lihi^  vrf^  lkf»wr  r^ 

>A^<^^jh»«a^Ht^^a^^^a^tib^Ufl^»lt^Sl%^^  ^be  ^luttuawaiL    'naa.Wafitde 

^^t'«k^^liy«^^^lla^vMMl(^^«lfltt^9lbr^{^l^    YW  W&^  am  )il»<«tt  ;a^  «^^  as  dbe  tje  can 
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as  are  drawn  for  theormometers,  only  with  wider  boros ;  that  of  the  short  one,  to  which 
the  scale  is  affixed,  must  haye  an  exact  calibre  of  a  60th,  or  a  60th,  of  an  inch.  The 
bore  of  the  long  tube  need  not  be  so  regular,  but  should  be  visibly  larger,  as  the 
eolouTed  liquid  will  then  more  quicker  under  any  impression.  Each  leg  of  the  instru- 
ment is  from  three  to  six  inches  in  height,  and  the  balls  are  from  two  to  four  inches 
apart 

"  A  moment's  attention  to  the  construction  of  this  instrument  will  satisfy  us  that 
it  is  affeeted  only  by  the  difference  of  heat  in  the  corresponding  balls ;  and  is  calculated 
to  measure  such  difference  with  i>eculiar  nicety.  As  long  as  both  balls  are  of  the 
same  temperature,  whaterer  this  may  be,  the  air  contained  in  both  will  have  the  same 
elasticity,  and,  consequently,  the  interdudcd  coloured  liquor,  being  pressed  equally  in 
oppodte  directions,  must  remain  stationary.  But  i^  for  instance,  the  ball  which  holds 
a  portion  of  the  liquor  be  warmer  than  the  other,  the  superior  elasticity  of  the  confined 
air  will  driye  the  liquid  forwards,  and  make  it  rise,  in  the  opposite  branch,  above  the 
xero,  to  an  eleration  proportional  to  the  excess  of  elasticity,  or  of  heat."  The  amount 
of  the  effect  is  ascertained  by  a  graduated  scale,  the  interval  between  freezing  and 
boiling  being  distinguished  into  100  equal  degrees.  This  instrument,  it  must  be 
obyiouB,  cannot  be  applied  to  measure  variations  in  the  temperature  of  the  surroimding 
atmosphere,  for  the  reason  already  assigned.  It  is  peculiarly  adapted  to  ascertain  the 
dilEerence  of  the  temperatures  of  two  contiguous  spots  in  the  same  atmosphere ;  for 
example,  to  determine  the  heat  in  the  focus  of  a  reflector. 

A  differential  thermometer  has  been  contrived  by  Dr.  Howard,  resembling  that  of 
Mr.  Leslie  in  its  general  form,  but  in  which  the  degree  of  heat  is  measured  by  the 
expansive  force  of  the  vapour  of  ether  or  spirit  of  wine  in  vcuuo.  Directions  for  con- 
structing it  are  given  in  the  eighth  volume  of  the  Quarterly  Journal  of  Science,  p.  219. 
It  is  intended  to  be  applied  to  the  same  purposes  as  that  of  Mr.  Leslie,  but  is  said  to 
be  more  sensible  to  changes  of  temperature,  and  the  movement  of  the  fluid  (ether 
tinged  by  a  drop  of  tincture  of  cochineal)  follows  instantaneously  the  application  of 
the  heating  cause,  whereas  in  the  air  thermometer  some  time  is  required  before  the 
«ffeot  takes  place. 

Thermometers,  filled  with  spirit  of  wine  (a  liquid  which  has  not  been  congealed  by 
any  degree  of  cold  hitherto  produced),  are  best  adapted  to  the  measurement  of  very  low 
temperatures,  at  which  mercury  would  freeze.  The  amount  of  the  expansion  of 
alcohol,  also,  which  exceeds  that  of  mercury  above  eight  times,  fits  it  for  ascertaining 
very  slight  variations  of  temperature.  But  it  cannot  be  applied  to  measure  high 
d^reea  of  heat ;  because  the  conversion  of  the  spirit  into  vapour  would  burst  Uie 
instrument 

The  fluid  best  adapted  for  filling  thermometers  is  mercury,  which,  though  it 
expands  less  in  amount  than  air,  or  alcohol,  still  undergoes  this  change  to  a  sufficient 
degree ;  and,  in  consequence  of  its  difficult  conversion  into  vapour,  may  be  applied  to 
the  admeasurement  of  more  elevated  temperatures.  As  a  considerable  saving  of 
eipense  will  accrue  to  the  experimentalist  who  is  able  to  construct  mercurial  ther- 
nuMneters,  I  shall  offer  some  rules  for  this  purpose.  In  general,  however,  I  should 
deem  it  preferable  merely  to  superintend  their  construction,  when  wanted  for  delicate 
experiments,  and  to  be  satisfied,  by  actual  inspection,  that  the  necessary  accuracy  is 
observed ;  because  much  time  must  be  imavoidably  lost  in  acquiring  the  manual  skill 
which  is  enential  to  construct  them  neatly. 

Thermometer  tubes  maybe  had  at  the  glass-house,  and  of  most  philosophical 
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it»Hr»utiM  uiahtn.  In  purckaiODg  them,  those  Aadid  be  Rjected  tiuit  wkb  aok  ker- 
mtiit^ftity  nt-nUA  at  tK/th  eodi ;  bc^xiue  the  inudUest  oondensadim  of  auistere^  viudi 
iritii4.  Uki;  piMe  wKii  air  if  freely  admitted  within  the  tube,  is  injazicMfi  to  the 
M'Atunmy  of  the  iwitrunuint.  A  imall  bottle  of  elastic  gma  should  be  pcavided,  nftke 
H'yUt  iff  which  a  brass  ralve  is  fijced,  or  a  piece  of  brass  petforated  by  a  small  holey  to 
h*i  (HU',tittU  ft  Hilly  nUfj]i]ft:il  by  the  finger.  A  blow-pii)e  is  also  an  essential  part  a€  lie 
ttppttf  atiis  'f  Hiidf  in  addition  to  one  of  the  ordinary  kind,  it  will  be  found  naefnl  to  have 
OII4T  whii'.U  is  supplied  witli  air  by  a  pair  of  double  bellows,  worioed  by  the  fooL 

}kftrrt$  pfrK!f;oding  U)  the  construction  of  the  thermometer,  it  is  neoesaaiy  to  aseer- 
iaifi  that  the  tubo  in  of  oqual  diameter  in  different  parts.  This  is  done  by  breakiBg  sff 
Uiih  iff  till}  seslod  ends,  immorstng  one  of  them  an  inch  or  two  deep  in  dean  and  diy 
tfiiiroiiry,  anil  Utrm  closing  the  other  end  witb  the  finger.  On  withdrawing  the  tube 
frttm  Um)  ttmnntry,  a  small  column  of  that  fluid  remains  in  it,  the  length,  of  which  is  to 
\m  oknitiiricd,  hy  laying  the  tubo  horisontally  on  a  graduated  ruler.*  By  inclining  the 
tiiltii,  ill  in  coliiuin  may  bo  gradually  moved  through  its  whole  length;  and  if  the  tube 
\w  nf  utiiform  Iniro,  it  will  m(>asuro  the  same  in  every  part.  Such  a  degree  of  per- 
lixiiioii,  li()wuv<Tr,  is  scnrooly  over  to  be  observed  throughout  tubes  of  considerate 
liittgth  ;  but,  in  gnnoral,  a  portion  of  the  tubo  will  be  found  perfect,  of  sufficient  lengtii 
<Ur  a  tltertiioiurtur,  and  this  part  is  to  bo  broken  off. 

( hi  onii  rnd  of  the  tubo  lot  tho  nock  of  the  elastic  bottle  be  firmly  tied ;  and  let  the 
oIIhm'  (Mid  hv  htuitod  by  tliu  ilamo  of  tlio  blow-pipe,  till  the  glass  softens.  Thesaftened 
\H\vl  III  list  th(>n  b()  pmsmul,  by  a  doan  piooo  of  metal,  into  tiie  form  of  a  rounded  button ; 
m\\  to  thin  tho  lliuuo  of  tho  lamp  must  bo  steadily  applied,  till  it  acquires  a  white  heat, 
Ntitl  ntH^iuii  about  U)  vnWv  into  fUsion.  To  prevent  its  falling  on  one  side,  tlie  tube, 
during;  thin  timo,  numt  Ih>  ctmstantly  turned  round  by  the  hand.  When  the  heated 
\n\H  M]>|»v'urH  |>ovAHttly  soft,  romovo  it  quickly  ih>m  the  lamp,  and,  holding  the  tube 
I  voi1i«  aU y,  \Y  ith  tho  dantio  bottlo  \ippormost,  press  this  last  gently  with  the  hand.  The 
gluM  will  U*  Mown  into  a  muall  btdU  but  iu>t  into  one  sufficiently  thin  for  the  purpose. 
To  thi«  tho  Aani0  of  tho  lump  n\u9t  again  bo  applied,  ttuningit  quickly  round;  and, 
\»u  A  ''\ss»u\l  \n*  thii\l  i^^jH^titiou  of  tho  prvnvss  of  blowing,  the  ball  will  be  annpleteiy 
tUtiUx^t,  Tho  ^mtiHU^Uiui  ixf  tht»  «iac  of  tho  Ml  to  the  bore  of  the  tube  can  only  be 
KH*rw*Ht  by  •^mwo  wipwioUiHK 

H'o  UK  iho  (hiIU  whiv>h  hait  btHn\  thus  f\uin«»d«  with  mercury,  the  air  must  first  be 

I    o\(h4U4,  bv  h^Udii^  it  owr  tho  tknio  «>f  an  Ar^i:and*s  lamp,  and  then  quickly  immeniiig 

I    tho  s^tK^H  wst  vxf  tho  tuK^  in  wrv  dean  and  drr  qukksihxr.    As  the  bah  cools,  fte 

'    HK^^^w^'Y  >«  \\\  aavvttvJ,  aud  will  parity  ISM  it     l*ot  a  paper  funnel  Inp  tied  firmly  over  tiie 

,    s'^vu  s'Wvl  v^f  thv^  tuW  .  iuu*  thU  jvur  a  s*uall  |>vvrtiott  oi"  v^iuckiilTvr,  and  apply  tiie  heat 

I    \>^f  tl^^  la»U(»  to  iIk'  t>aUv     Any  tx7«iaimit^  poiHiv.m  o^f  air  will  thus  be  cxpefled ;  and  if 

ttM"  In^al  bn^  nMM4  ss>  a»  Kv  K^l  t W  w^tmnr^  tW  beiU  :uHi  slina  wili  W  nlkd  witt  mer- 

s'Mml  vfi^smrv  iW  <^Mk«AiMMlio«i  of  wliiv^b.  om  nNtKOvia^  th^  Ml  frrot  tlie  lamp,  will 

vN\HMiioi«^  a  l^my  \VM^<^'^  v^c^uaK     t«i^>  t^  vaKVUtt  ^ukksibrvr  wiS  duRiiiJ  fiom 

iKi^  ^vft^r  oo«#  i  a«4  tlk<r  uiwcnHiiicttI  wilt  N>  <fv«^lHiely  iKIL^d.     B^t.  Ibr  t^  porposa  cf 

a  llmwN«i«aHe4\  il  Ml  wv«m«WY  t^Mrt  iW  iimv^ku^^  shkHdi  tt:$«  «»Ir  to  ;&  cmtazft  Ugfct  in 

%W  ^Ivttft  I  «a(^  a  4^w  ilrv^  im^^  llwwlil^wv  W  ^s^ietM  by  caTttoMssly  ap^Fyrn^  ^e  kit 

*^f  IW  bwfc^K     t^  <Ml^tNMi»^  wWtlvrr  ^icv^^mr  »<<fc«rtttT  irf  qtttckstNvr  te  beea  fell  in 

^H  ;An'  4<aiMi^  «^  ^^^ttftlDtif  W^CVk. 4Ml»i«^  (}b»  aamfi^ 
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the  mstrument,  immene  tho  ball  iirst  in  ice-cold  water,  and  then  in  the  mouth.  Tho 
wpaoe  between  these  two  points  will  comprise  about  64\  or  rather  more  than  one-third 
of  the  whole  space  between  the  freexing  and  boiling  points  of  water.  If  the  empty 
part  of  tho  tubo  oscoeds,  in  length,  about  threo  times  the  portion  thus  fiUod  by  tho 
expanded  quioksilTer,  we  may  proceed  (when  on  iostrunient  is  wanted  with  a  scale 
including  only  from  32°  to  212'')  to  seal  it  hermetically,  which  is  done  as  follows  :— 
The  part  to  bo  sealed  is  first  heated  with  tho  blow-pipe,  and  drawn  out  to  a  fine 
eapUlaiy  tube ;  the  bulb  is  then  heated,  tUl  a  few  particles  of  quicksilver  have  fallen 
from  the  top  of  the  tube  :  at  this  moment  another  blow-pipe  iiamo  is  directed  on  the 
eapillaiy  port  of  the  tube,  tho  heat  is  withdrawn  from  the  ball,  and  tho  tube  is  scaled, 
at  the  instant  when  tho  mercury  begins  to  descend.  If  this  operation  has  beon 
skilfuUy  performed,  so  as  to  leavo  no  air  in  the  tube,  tho  whole  of  the  tubo  should  be 
fiUed  with  quicksilycr  on  holdinp^  the  instrument  with  the  ball  uppermost 

To  hare  yery  largo  degrees,  the  ball  must  bear  a  considerable  proportion  to  the 
tabe ;  but  this  extent  of  scale  caimot  bo  obtained  without  sacrificing,  in  some  measure, 
the  sensibility  of  the  instrument.*  The  whole  of  tho  process  of  constructing  ther- 
mometers neatly  and  accurately  is  connected  with  the  possession  of  manual  skill, 
which  practice  only  can  confer ;  and  it  is  scarcely  possible,  without  the  most  tedious 
minntenest,  to  describe  all  the  necessary  precautions  and  manipulations.  These  will 
readily  suggest  themselYes  to  a  person  who  carries  the  above  instructions  into  eficct 

In  graduating  thermometers,  tho  first  stop  consists  in  taking  tho  two  fixed  points. 
The  fit>ejEnig  point  is  ascertained  by  immersing,  in  thawing  'snow  or  ice,  tho  baU  and 
part  of  the  stem ;  so  that  the  morcury,  when  stationary,  shall  barely  appear  above  the 
sorfiioc.  At  this  place  let  a  mark  bo  made  with  a  file.  In  taking  the  boiling  point, 
considerable  caution  is  required ;  and,  for  reasons  which  will  afterwards  he  stated, 
attention  mnst  be  paid  to  the  state  of  the  barometer,  tho  height  of  which,  at  the  time, 
should  be  precisely  29'8.  A  tin  vessel  is  to  be  provided  (for,  according  to  Gay  Lussac,t 
ODB  of  glass  loads  to  erroneous  results),  four  or  five  inches  longer  than  the  thermome- 
ter, and  famished  with  ■  a  cover,  in  which  are  two  holes.  Through  one  of  these  the 
thermometer  stem  must  ho  passed  (the  bulb  being  within  tho  vessel),  so  that  the  part 
at  which  the  boiling  point  is  expected  may  be  just  in  sight.  Tho  other  hole  may  be 
left  open ;  and,  the  cover  being  fixed  in  its  place,  the  vessel,  containing  a  few  inches 
of  water  at  tho  bottom,  is  to  bo  sot  on  the  fire.  Tho  thermometer  will  presently  be 
wholly  surrounded  by  the  steam ;  and  when  tho  mercury  becomes  stationary  in  the 
stem,  its  {dace  most  be  marked.  The  scale  of  Fahrenheit  is  formed  by  transferring  the 
intennediate  space  to  pajier  by  a  pair  of  compasses,  and  dividing  it  into  ISO'',  the 
lowest  being  called  32°,  and  the  highest  212''.  The  scale  of  other  countries,  however, 
di£EiBE8  considerably;  but  these  variations  do  not  prevent  the  comparison  of  observations 
with  different  inatruments,  when  the  freezing  and  boiling  points  of  water  arc  agreed 
upon  as  fixed  data. 

IIL  Tks  dOatmUons  md  etmiraeiions  of  the  fluid  in  the  mercurial  thermometer  are 
ntetrly  proportiotml  to  ike  iuttntiiiee  of  caloric  which  are  communicated  to  the  same  homo- 
fcmput  Miat^  or  separated  from  t?ie»,  so  Umg  ae  tkejf  retain  the  same  form. 

Tfau  the  qnmtity  cf  caloric  required  to  raiso  a  body  20°  in  temperature,  by  tho 
meieiizial  thennometer,   ia  nearfy  donble   that  which  is  required  to  raise  it  10°. 

*  Directions  for  oonstmctlng  thermometers  of  great  Bensibility  est  ffvea  by  the  ChevRlier 
Lsndriani,  in  tke  7th  YeliuDe  of  the  **  Journal  of  Science,"  p.  183. 
i  82  « An.  de  Ch."  174,  and  7  *<  An.  de  Ch.  et  de  Phys."  307. 
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Hence  there  appears  to  be  a  pretty  accurate  proportion  between  the  inorementB  or 
decrements  of  heat,  and  the  increments  or  decrements  of  expansion  in  the  mercury  of 
a  thermometer.  On  this  principle,  if  equal  quantities  of  hot  and  cold  water  be  mired 
together,  and  a  thermometer  be  immersed  in  the  hot  water,  and  also  in  the  cold,  pre- 
viously to  the  mixture,  the  instrument  should  point,  after  the  mixture,  to  the  arith- 
metical mean,  or  to  half  the  difference  of  the  separate  heats,  added  to  the  less,  or 
subtracted  from  the  greater.  This  will  be  proved  to  be  actually  the  fact,  by  the 
following  experiment : — Mix  a  poimd  of  water  at  172°  with  a  pound  at  32".  Hdf  the 
excess  of  the  caloric  of  the  hot  water  will  pass  to  the  colder  portion ;  that  is,  the  hot 
water  will  be  cooled  70",  and  the  cold  will  receive  70°  of  temperature ;  therefore^ 
172  —  70,  or  32  +  70  =  102,  will  give  the  heat  of  the  mixture.  To  attain  the 
arithmetical  mean  exactly,  several  precautions  must  be  observed,  which  have  been 
pointed  out  in  Dr.  Crawford's  Essay  on  Heat,  p.  95. 

The  experiments  of  De  Luc,  however,  have  shown  that  the  ratio  of  expansion  does 
not  strictly  keep  pace  with  the  actual  increments  of  temperature ;  and  that  the  amount 
of  the  expansion  increases  with  the  temperature.  Thus  if  a  given  quantity  of  mercury, 
in  being  heated  from  32''  to  122°,  the  first  half  of  the  scale,  be  expanded  14  parts,  in 
being  raised  from  122°  to  212°,  the  higher  half,  it  will  be  expanded  15  parts. 

From  the  inquiries  of  Mr.  Dalton,  it  appears  to  follow,  that  the  irregularity  of  the 
expansion  of  mercury  is  even  considerably  greater  than  has  been  stated  by  De  Luc. 
By  the  common  mercurial  thermometer  we  cannot  ascertain  the  true  rate  of  expansion 
in  quicksilver,  since  the  enlarged  capacity  of  the  glass  ball,  in  which  the  fluid  is  con- 
tained, must  necessarily  a£Eect  the  result.  If  the  capacity  of  the  ball  remained 
unaltered,  we  should  then  be  able  to  determine  the  actual  rate  of  expansion ;  but  by 
an  increase  of  temperature  its  capacity  is  enlarged,  and  space  is  thus  found,  within  the 
ball,  for  the  expansion  of  that  mercury,  which  would  otherwise  be  driven  into  the 
tube.  By  knowing  the  rate  of  expansion  in  glass  itself,  we  can  correct  this  error ; 
but  a  small  mistake  in  this  datum  will  lead  us  considerably  wrong  as  to  the  true 
expansion  of  quicksilver.  The  real  expansion  of  mercury  in  glass  is  greater  than  the 
apparent^  by  the  expansion  of  the  glass  itself. 

Making  due  correction  for  this  circumstance,  Mr.  Dalton  was  led  to  conclude, 
frt}m  his  experiments,  that,  notwithstanding  the  apparent  diversities  of  expansion  in 
different  fluids,  they  all  actually  expand  according  to  the  same  law— viz.,  thai  the 
quantity  of  expansion  is  as' the  square  of  the  temperature  from  their  respective  fremng 
points,  or  from  their  points  of  greatest  density.  If  then  a  thermometer  were  constructed, 
with  degrees  corresponding  to  this  law,  they  would  be  found  to  differ  very  considerably 
from  those  of  the  common  mercurial  thermometer,  in  which  the  space  between  freeziog 
and  boiling  is  divided  into  180  equal  parts.  But  the  accuracy  of  the  principle,  on 
which  this  proposed  modification  of  the  thermometric  scale  is  founded,  has  not  been 
confirmed  by  subsequent  experience. 

The  view  which  has  been  taken  by  Mr.  Dalton  of  the  thermometer  has  drawn  the 
attention  of  Dr.  Ure,*  and  of  MM.  Petit  and  Dulong,t  to  the  same  subject.  The 
former  concludes,  from  his  experiments,  that  taking  three  thermometric  intervals  from 
32°  Fah.  upwards,  each  of  180°,  mercury  has  actually  an  increasing  rate  of  expansion, 
and  that  60  parts  at  572°  are  expanded  as  much  by  the  same  power  of  caloric,  as  61 
parts  at  392°,  and  62  parts  at  212''. 

•  "Phil.  Tran8.»»  1818.  +  "  Annals  of  PhUos.,»»  VoL  XIII. 
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Bat  this  tmaU  dlflbience  ia  oompenaatod  by  the  leaacning  quantity  of  quickailTer  in 
the  bulb  of  a  thttnumieter  at  high  temperatures,  in  oonscquenoe  of  which  the  mer- 
oorial  themonieter  becomea  a  true  measurer  of  sensible  heat  Petit  and  Dulong, 
alao^  satiafiad  themadfas  that  the  expansibility  of  mercury  slowly  increases  as  the 
temperature  augments.  From  —  40'  to  212*,  it  ia  scarcely  appreciable,  and  corresponds 
with  the  ezpanaion  of  air,  which  they  take  for  granted  to  be  perfectly  equable.  The 
following  table  exhiUta  the  dilation  of  mercury  for  a  degree  centigrade  at  the  yarious 
temperaturea  (all  centigrade*}  indicated  in  the  first  column  of  the  table,  and  measured 
by  an  air  thermometer :— 

Temp.  Indicated 
Temperature.  Expansion  of  bj  the  dlUtations 

*  Mercury.  ofthemercary 

supposed  uniform. 

0^    ....        0        ...        .         000 

100      ...        .    ^^3^    ....     10000 

200      ...        .     Tp^    ....     204-61 

300      ...        .     35\y^     ....    314-16 

Comparing  the  numbera  in  the  first  and  last  columns,  it  appears  that  up  to  100° 
the  mercurial  and  air  thcnnometers  giye  the  same  indications ;  in  the  second  interval^ 
the  ezcoaa  of  the  former  over  the  latter  is  4*6 r,  and  in  the  last  interral  it  increases 
to  14*15  centigrade  degrees. 

More  lately  the  endeayour  to  reconcile  the  discrepancy  of  indications  between  air 
thennomatera  and  mercurial  onea  has  been  resumed  by  M.  Begnault,  the  abstract  of 
whoae  pbeeryationa  on  this  point  are  aa  follows.  This  philosopher  has  arriyed  at  the 
eondnaion  that  the  indications  of  the  air  thermometer  almost  exactly  accord  with  thoee 
of  the  mercurial  thermometer,  between  0*"  and  100"*  (centigrade),  which  pretty  neariy 
aeoorda  with  tLe  deductions  of  preceding  obseryers.  It  is  worthy  of  remark,  howeyer, 
that  in.  IC.  Begnault's  obsenrations,  the  air  thermometer  manifests  a  retardation  as 
compared  with  the  mercurial  thermometer,  of  about  0-2tha  of  a  ccntigrado  degree 
towards  the  middle  of  the  scale,  a  circumstance  which  seems  to  indicate  that  eyen  for 
this  range  there  is  a  difference  between  the  ezpansiyc  progression;  the  difference, 
howeyer,  ia  so  small,  that  he  belieyes  it  need  not  enter  into  calculation,  more  espe>- 
dally  aa  it  falls  within  the  limits  of  uncertainty,  dependent  on  alteration  of  the  zero 
point  in  thermometerB,  on  account  of  slow  contraction  of  their  bulbs. 

Above  100  degrees  centigrade,  the  mercurial  thermometer  keeps  pace  with  the  air 
thermometer  pretty  equally  until  about  250"*  C,  from  which  point  upwards  the  mer^ 
curial  gains  on  the  air  thermometer.  At  300**  C.  the  difference  amounts  to  1  degree ; 
at  325''  C.  it  amounts  to  1°,75  ;  and  at  350*'  0.  the  difference  is  3  degrees  between  the 
indicationa  of  the  two  yarieties  of  therm(»neter8.  According  to  M.  Begnault,  two  air 
thermometers  are  always  comparable,  without  reference  to  the  kind  of  glass  of  which 
they  may  be  made.  This  is  not  the  case  with  mercurial  thermometers,  which,  to  be 
comparable,  must  be  made  of  the  same  kind  of  glass ;  the  different  rate  of  expansion 
between  different  yarieties  of  which  would  otherwise  introduce  an  dement  of  great 
practical  discordance.  A  tendency  to  the  same  kind  of  error  also  exists  when  air  ther-* 
momet^ra  are  the  subject  of  experiment ;  but  in  this  case  tlie  rate  of  expansion  of  air 

*  To  convert  centigrade  degrees  into  those  of  Fah.,  double  them,  then  deduct  one-tenth,  and 
add  the  constant  number  82.  Thus  IS^*  centigrade  x  2  =  36,  from  which  ^^  subtracted  leaves  82*4^ 
and  to  this  adding  82  we  have  64*4  Fah. 
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M  gm^  exceeds  that  of  g^aai,  «f  whaterer  Tniety,  ai  to  iHwinfaii  1km 
to  «&  laaptKeciatle  eztenti  ai  may  be  seem  hy  nfecenee  to  tin  fcUowiag 
iriiowB  that  tlie  inereaae  of  lengtii  proportkniate  to  an  mereaae  of 
to  212°  Fa3i^  is  for  tiie  following  substances,  as  indicated  hj  the 
Mid  ike  cubic  increase,  tbzee  times  as  much : — 


Flint  i^ass 
Crown  £^ass 
Copper 
Brass 
Soft  iron 


43old 
SilTor 
Lead 
Tin 


T»i„  or  0000022 
T?rfT 

"BTTf 
FttT 


Kow  the  mean  cubic  expansion  for  all  gases  between  32*  and  212*"  Fah.  we  Imet*  already 
aooepted  as  being  '3665  of  their  bulk  at  32° ;  hence  the  ratio  of  expaasiTe  ^raristlionef 
air  to  flint  glass,  between  the  degrees  indicated,  is  as  '3665  to  0-000022,  whieh  is  alls- 
gether  unimportant. 

These  remarks  will  suffice  to  show  that  although  thermomet^n  of  Tarieva  Imids,-' 
aeiM  -of  air,  some  of  mercury,  some  of  alcohol, — are  used  in  the  course  of  inTBBtig«lia% 
|ret  an  aoeurate  means  of  passing  from  the  range  of  one  kind  to  the  range  of  anotibtf 
kind  is  atiU  a  desideratum ;  and  the  exact  rendering  of  thermid  degrees  indieated  \ff 
foe  kind  of  thermometer  into  those  of  another  kind,  is  a  matter  of  impo|»1^Iity  in  Ike 
jn'saent  state  of  our  knowledge.  At  one  time  eontinental  philosophers  aisMdat^ 
employment  of  air  thermometers  exclusively,  wheneyw  jnacticaUe,  stimulated  liy  ^ 
hope  of  thereby  developing  new  laws  of  thermal  expansion.  For  many  yetacs  4iM 
fmition  was  admitted,  as  I  hare  already  stated,  that  all  gases  expanded  oqually  ftr 
e^oal  degrees  of  temperature.  This  law  created  the  suppositiim  that  the  dilatation  ef 
gases  was  proportional  to  real  quantities  of  heat.  At  this  time,  however,  wImq  itii 
known  that  the  coefficient  of  dilatation  is  not  equal  for  all  gases, — ^that  it  eren  Tazisi 
for  the  same  gas  under  different  pressures,— the  air  thermometer  has  loift  all  tkeoretaed 
advantages  which  were  conceded  to  it  in  consequence  of  the  aoceptaaoe  of  those  laws. 
At  preamt,  the  only  theoretical  advantage  possessed  by  it  over  other  thermoaetan  is, 
that  aay  two  instruments  of  this  description  are  always  comparable. 

The  boiling  point  of  mercury,  according  to  MM.  Petit  and  Dulong,  is  680"^  Fah., 
«r,  Baking  the  due  correction  for  the  expansion  of  glass,  662°  of  Fah.  ecale.  ^le 
•xperimental  result  of  Mr.  Crighton,  of  Glasgow,  was  656°. 

JtealM  nii  TlMsmoaaetiic  Qxadnation.— Although  all  modem  thormomelefi 
aire  graduated  between  two  ^ed  points  of  temperature — namely,  the  freexing  of  mStiBt 
and  the  boiling  of  water,  under  a  mean  atmospheric  pressure  of  80*^  Bar.— nevoitheleBB, 
the  number  of  degrees  into  which  this  ^ace  is  divided  varies.  Three  principal  aehemes 
of  giraduation  present  themselves,  all  of  which  must  be  examined,  and  a  i^e  deivised 
for  effecting  their  mutual  conversion. 

The  three  scales  are  (1)  of  Fahrenheit,  (2)  of  Celsius,  usuaUiy  termed  &e  Centi- 
grade scale,  (3)  the  scale  of  Eeaumur. 
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ISl 


Water  boOs. 


Water  freezes 


Cold  produced  by  mix-  \ 
tare  of  ice  and  salt .  .  i 


The  acooapmying  diagnm  wili  aniifc  tfa*  retder  ia  oomprahandiiig  Uie  diffimaoe 

betwam  the  three. 
Vwcm  mt  iiii|»eotiim  ef  tiiii  dingnin,  it  will  be  olMerred  that  independently  of 

^  HI         any  TariatiaiL  in  the  inteml 

y  IH         between   tceeMsng  to    boilinf 

~«  point  which  will  be  die- 
cuBsed  presently— the  scale  of 
Fahrenheit  manifests  the  pe- 
culiarity of  denominating  the 
fteeaing  point  of  water  a«  92^ ; 
whereas  the  scale  pf  Centigrade 
and  of  Reaumur  represent  the 
same  as  0,  or  aero.  The  reason 
why  the  seemingly  irrational 
number  32°  should  have  been 
adopted  by  Fahrenheit  as  indi- 
catiye  of  the  freezing  point  of  water,  docs  not  appear.  Suffice  it  to  remark,  that  the 
number  was  adopted  by  him  in  deference  to  some  theoretical  speculation. 

The  further  differenee  existing  between  the  three  systems  of  graduation  is  as 
fiillowB : — the  Fahrenheit  scale  establishes  180  divisions  between  the  freezing  and  the 
boiling  point  of  water ;  the  scale  of  Celtiua  (centigrade)  100 ;  and  the  scale  of  Eeau- 
■nr  only  80^.  Tnasmnrih  as  the  freezing  point  in  Fahrenheit's  scale  is  82%  and  then 
are  180°  between  32°  and  the  boiling  point  of  water,  it  follows  that  the  latter  must  be 
2It**,  «r  S2f*  -t*  ^0°.  The  boiling  point,  howerer,  according  to  the  Centigrade  aoale,  is 
necessarily  100%  and  of  Eeaumur  necessarily  SO"*.  These  data  being  considered,  we  ean 
lendlly  oanTert  tiie  degrees  of  one  thermometer  into  their  equiTslent  degreea  of  a  second. 
Ihaa,  ftom  lihe  fbUowing  proportion,  it  will  boobeenredthat  a  Fahrenheit  degree  is  fif«- 
nintha  of  a  Centigrade  degree ;  seeing  that  tk9  mtmbtr  of  FaJkremMeii  d$gr§e$  htumm 
iktfrusmg  to  the  boiling  point,  ist^thi  num^  of  Centigrade  degreee  for  the  mme  efoee, 
M$mtUg9^t9jhiHmUhi,        Thus, 

F.  C.      F,         C. 

(212  -~  32)  s=  180  :  100  : :  1  :  4^  =  « 

TheoDBfbve^  to  conyert  Fahrenheit  degrees  into  their  equivalents  on  the  Centigrade 
scaler  flret  anbtract  82*",  which  leaves  180%  then  multiply  this  number  by  five  and  divide 
bv  nine,    Thtis  we  have 

180X6 


212  -  32  =  ■ 


=  -^  =  100. 


CeureneJly  each  Centigrade  de^;rco  is  larger  than  the  corresponding  Fahrenheit 
9 
d^^ee,  in  the  ratio  of  ^  to  1 ;  hence  to  reduce  Centigrade  degrees  to  those  of  Fahren- 
heit, mnltqply  by  ninc^  divide  by  five,  and  add  thiry-two.    For  instance,  it  is  required 

100  X  9 


to  reduce  100*  C.  to  their  Fahrenheit  equivalent.     Here  • 


180  -h  32  = 


212°  F. ;  and  212°  F.,  the  boiling  point  of  water,  wc  know  to  be  the  equivalent  of  100°  C. 

Wheo  it  ia  required  to  convert  negative  degrees,  or  degrees  below  zero  (thus  ^  1° 

—  2%  &o,)f  i^t^  their  corresponding  degrees  on  another  scale,  precisely  the  same  rule  <^ 

I  cslculatioA  hoXda  good;  alUiough,  when  stated  in  common  terms,  it  seems  different 
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Jbienuiq>le  win  reader  tiiii  plain.  It  ii  deeired  to  rqireeeet  5"  Mow  mao^  or  —  5° 
of  C,  by  itf  equiTalent  F.  32%  with  9""  subtracted,  or  remainder  -f- 23°  v  ^^  *™>^« 
If  the  operrtion  be  Tiewed  algebraieally,  the  leader  will  see  that  tiie  nik  of  milti- 
plying  bjr  nine,  diTiding  by  fire,  and  adding  tbiity-two,  has  been  implicitly  fixUowed; 
only  the  6^  haie  being  a  neffoiive  quantity  (  —  6%  it  ultimately  yields  a  negatiye  9^ 
(  -*  9^)f  which  added  to  +  32°  is  equivalent  to  snbtracting  a  positiTe  9\    Thus, 

o  o 

The  appended  formobD  will  perhaps  serve  to  fix  the  steps  of  ^these  calculations  in 

UI6  memory. 

P  —  'i^  y  5 
Fahrenheit  to  Centigrade,   -^ 3 :=  C. 

Centigrade  to  Fahrenheit,    '  ^     +  32  =s  F. 

F  —  32  V  4 

Fahrenheit  to  Beaumur,    — ^ 3 =  E. 

Eeaumur  to  Fahrenheit,     ?^^  +  32  =  F. 

The  steps  involved  in  the  two  last  formul®  have  not  been  explained,  .because  it  ii 
assumed  thoy  are  self-evident,  ^  expressing  the'ratio  ^^,  or  the  ratio  of  degrees  Bean- 
mur  to  degrees  Fahrenheit. 

MCotion  of  Tw%%  Oaloiie.— 1.  Its  Badiation«  2.  Its  Passage  through  Solids  aid 
Fluids. 

Caloric  Eteaptifrom  Bodies  in  Two  Different  Modes.— Vext  of  it  finds  its  way  through 
npaoe,  independently  of  other  matter,  and  with  immeasurable  velocity.  In  this  state 
it  has  been  called  radiant  heat,  or  radiant  caloric. 

Xladiant  caloric  exhibits  several  inteiesting  properties. 

1.  lie  Reflection,  (a)  Those  surfaces  that  reflect  light  most  perfectly,  are  not  equally 
adapted  to  the  reflection  of  caloric.  Thus,  a  glass  mirror,  which  reflects  light  with 
groat  effect  when  held  before  a  blazing  fire,  scarcely  returns  any  heat,  and  the  mirror 
itself  becomes  worm.  On  the  contrary,  a  polished  plate  of  tin,  or  a  silver  spoon,  when 
similarly  placed,  reflects,  to  the  hand,  a  very  sensible  degree  of  warmth ;  and  the  metal 
itself  remains  cool.  Metals,  therefore,  are  much  better  reflectors  of  caloric  than  glass; 
and  thoy  possess  this  property  in  a  higher  degree,  in  proportion  to  the  perfection  with 
which  they  are  polished. 

(&).  Caloric  is  reflected  according  to  the  same  law  that  regulates  the  reflection  of 
light.  This  is  proved  by  an  interesting  experiment  of  M.  Fictet ;  the  means  of 
repeating  which  may  be  attained  at  a  moderate  expense.  Provide  two  reflec> 
tors  of  planished  tin,  which  may  be  twelve  inches  in  diameter,  and  segments  of  a 
sphere  of  nine  inches  radius.  Parabolic  mirrors  are  still  better  adapted  to  the  purpose ; 
but  thoy  aro  more  expensive.  £ach  of  these  must  be  furnished,  on  its  convex  side, 
with  the  means  of  supporting  it  in  a  perpendicular  position  on  a  proper  stand.  Place 
tho  mirrors  opposite  to  each  other  on  a  table,  at  a  distance  of  from  six  to  twelve  feet 
Or  they  may  be  placed  in  a  horixontal  position,  as  represented  in  the  wood-cut  at  page 
100,  an  arrangement  in  some  respects  more  convenient.  In  the  focus  of  one,  let  the 
ball  of  an  air  thermometer,  or  (which  is  still  better)  one  of  the  balls  of  a  differential 
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thermometer,  be  dtuated ;  and  in  that  of  the  other,  suapcnd  a  ball  of  iron,  about  four 
ounces  in  weight,  and  heated  below  ignition,  or  a  amall  matraaa  of  hot  water; 
haying  prerionatj  interpoaed  a  screen  before  the  thermometer.  Immediately  on  with- 
drawing the  screen,  the  depression  of  the  column  of  liquid,  in  the  air  thermometer^ 
evinces  an  increase  of  temperature  in  the  instrument  In  this  experiment  the  calorie 
flows  first  finom  the  heated  ball  to  the  nearest  reflector ;  from  this  it  is  transmitted,  in 
parallel  rays,  to  the  suxfaoe  of  the  second  reflector,  by  which  it  is  collected  into  a  focus 
on  the  inatrument.  This  is  precisely  the  course  that  is  followed  by  radiant  lig^t ;  ibr, 
if  the  flame  of  a  taper  be  substituted  for  the  iron  ball,  the  image  of  the  candle  will 
appear  precisely  on  that  spot  (a  sheet  of  paper  being  presented  for  its  reception)  where 
the  rays  of  calorio  were  before  concentrated. 

(e).  When  a  glass  ressel,  filled  with  ice  or  snow,  is  substituted  for  the  heated  ball, 
the  course  of  the  coloured  liquid  in  the  thermometer  will  be  precisely  in  the  opposite 
direction ;  for  its  ascent  wiU  show,  that  the  air  in  the  ball  is  cooled  by  this  arrange- 
ment. This  experiment,  which  appears,  at  fint  yiew,  to  indicate  the  reflection  of  oold, 
presents,  in  fact,  only  the  reflection  of  heat  in  an  opposite  direction ;  the  ball  of  the 
thermometer  being,  in  this  instance,  the  hotter  body.  "  And  sinoe  heat  emanates  finom 
bodies  in  quantities  greater  as  their  temperature  is  higher,  the  introduction  of  a  odd  body 
into  the  focus  of  one  mirror,  necessarily  diminishes  the  temperature  of  a  thermometer 
in  the  fiocus  of  the  other,  in  the  same  manner  as  a  black  body  placed  in  the  fi>cus  of  the 
one  would  diminish  the  quantity  of  light  in  the  focus  of  the  other."* 

(d).  In  Mr.  Leslie's  '*  Enquiry  into  the  Nature,  &c.,  of  Heat,"  a  Tariety  of  impor* 
tsnt  experiments'  are  detailed,  which  show  the  influence  of  coTering  the  reflectors  with 
Tazioos  substances,  or  of  mechanically  changing  the  nature  of  their  surfaces,  on  their 
power  of  reflecting  calorio. 

2.  Caloric  is  rtfraeUA^  also,  aooording  to  the  same  law  that  regulates  the  refrac- 
tion of  Kg^t.  This  interesting  discovery  we  owe  to  Dr.  Hersohel,  whose  cxpori* 
ments  and  apparatus  will  be  found  in  tiie  serenth  volume  of  the  **Philosophioal 
Magarine." 

3.  The  nature  of  the  Mi}/a«#  of  bodies  has  an  important  influcnce'over  their,  power 
fdredUttinff  caloric. 

To  eshibit  this  influence  experimentally,  let  a  canister  of  planished  block  tin,  forming 
a  cube  of  six  or  eight  inches,  be  provided,  having  an  orifice  at  the  middle  of  its  upper 
side,  firom  half  an  inch  to  an  inch  in  diameter,  and  the  same  in  height  This  orifice  is 
intended  to  receive  a  ei^  having  a  small  hole,  through  which  a  thermometer  is  inserted, 
so  that  its  bulb  may  reach  the  centre  of  the  canister.  Let  one  side  of  the  canister  be 
covered  with  blacl^  paint ;  destroy  the  polish  of  another  side,  by  scratching  it  with 
sand-p^per ;  tarnish  a  third  with  quicksilver ;  and  leave  the  fourth  bright  Then  fiU 
the  venel  with  boiling  inter.  The  radiation  of  calorio  from  the  blaokened  side  is  so 
much  more  abundant  than  from  the  others,  as  even  to  be  sensible  to  the  hand.  Place 
it  before  a  reflector  in  lieu  of  the  heated  iron  ball  already  desoribed.  The  ther- 
mometer, in  the  focus  of  the  second  reflector,  will  indicate  the  highest  temperature, 
or  most  copious  radiation  of  caloric,  when  the  blackened  side  is  presented  to  the  reflec- 
tor ;  less^  when  the  tarnished  or  scratched  side  is  turned  towards  it ;  and  least  of  all, 
when  the  polished  side* 

Mr,  Leslie  showed,  also,  the  influence  of  the  inclination  of  a  surfEU^e,  with  respect 
to  a  given  direction  of  calorific  rays,  upon  the  intensity  of  the  effect  produced ;  and 
•  «•  Davy's  Ch«n.  Fliilos.,"  p.  S0«. 
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Hn^  pftfftidf  tttpftfiuumUdlff  that  the  letioB  of  a  ndiaat  nriSKeis  {stiportknud  tothe 
Mn*  «»f  Um  ftfMpl/i  Ibnoikl  by  that  rarlace  with  the  directum  of  the  emitted  njt. 

4.  The  iririetiet  in  the  ndiating  poirer  of  diffinent  surfiuce  are  attended,  as  vofjUL 
he  eafpeRtAdy  with  iwrraipcttdiBg  Tariations  in  the  re<«  ef  OMlraf.  If  water  ia  a  tin 
rmtmlf  all  fif  whrwe  aidoe  no  p^iliihcd,  eools  thnragh  a  giyen  nnmher  of  degreei  in 
efurhijrwme  miniitrre,  it  will  doM^md  tbrouj^  the  same  number  in  eerenty-two  Biiniite«, 
if  ibff  Nfirftvte  be  Uanwhtid  with  quicknlrer.  Water,  also,  indoeed  in  a  dean  aad 
fftMnhftA  Hn  bell,  twAn  aboni  twice  more  slowly  than  water  in  the  same  baU  coveied 
With  MM  pajw.  Blaokr^nin^  the  fur&ce  with  paint,  or  eren  a  thin  eoat  of  Taniih, 
on  the  name  principle,  eoccloratot  greatly  the  rate  of  cooling.  These  fkets  teadi  «) 
that  VflHMilx,  in  which  fliiidH  nrn  t(j  be  kept  long  hot,  should  have  their  sozfaceshrig^iittf 
peliNhfid;  Oinbrint  reflentors  of  heat  being  tho  worst  radiators.  The  superiority  of 
metallln  ira-pots,  for  iOHtanco,  (nror  thoso  of  earthenware,  depends  on  the  svpenot 
poUiih  of  tliftir  surfaoo ;  snd  tlio  sianufoctarers  of  earthenware  now  increaso  its  peiwir 
of  mtnlning  beat  by  a  thin  illm  of  some  kind  of  polished  metal. 

A.  llaiUiint  h<«t  bos  the  power  of  penetrating  and  passing  throng^  transpateit 
hiNilitN,  mioh  as  platos  of  glass.  'Jlio  dull  heat  of  a  common  fire  is  transmitted,  aeeord- 
ing  to  llitriotio,  with  difficulty,  and  tlio  boat  from  a  matrass  of  boiling  water  not  atdL 
!)•  lAraoho  luis  shown  that  tho  loss  of  heat,  transmitted  through  glass  ^ates,  is  ktt, 
M  the  inniptnuturi)  of  the  soun'O  ii'oni  which  it  emanates  is  more  elerated.  From  abe^ 
h(>nt(Mt  Ut  1 HU",  only  ^  of  all  the  boat  emitted  possod  through  a  glass  sersen ;  inm  cms 
at  940'*,  i|V  ^f  ^**  whole ;  and  from  one  at  060%  a  much  larger  proportion,  eut.  ^ 
ap|wiired  to  pans  Uirough  Uio  scroon.  Tho  aemo  philosopher  asccrtaiiied  that  the  hsil 
whtoh  has  |»eiietratsd  tlirough  a  plato  of  glass,  experiences,  in  its  passage  throa^  t 
sixMuul  piste,  n  Uuiti  pntpiU'tionnlly  uiueh  smaller  in  amount.  He  found,  also^  that  • 
Ihittk  glass  Roreoni  though  nioro  pormesblo  by  light  than  a  thin  one  of  iafexior  quality, 
allowed  muoh  less  radiant  boat  to  pass,  and  that  the  diffarenoe  became  sandier  as  th4 
tewperatuvt^  wns  raitUHl.  In  all  these  esses,  it  is  supposed  that  the  aoreeas  are  pbeid 
at  (H|ual  dlMtsncO)!  f\x^m  tho  radiating  body;  for  otherwise  the  effect  will  he  gnslly 
mmlltt^'d  by  that  wdl  «^ablished  law  of  radiant  heat,  according  to  which  ita  intensity 
diiuiui^luHi  in  |>r\>iH^rtiou  to  tho  iMiuaro  of  tho  distance  from  its  source.  Theee  fbeiS) 
seme  of  whi\4i  had  b«M>u  ealled  in  queation*  have  been  fblly  cenfiraied  by  Mr.  Bitdde.* 
<k  Kadlant  ralorir  is  e^eer^ril  with  diHerent  ihcilities  by  dificrent  suHheea.  Thil 
Is  oiUy  slatin|(.  in  othv?  ti>rniak  that  surfiicea  are  endowed  with  various  powen  of  veAset- 
inir  vaKwht :  sinee  the  pMwer  of  abeerbing  eakrie  ia  precisdy  opposite  to  tiwt  of 
wtleelinir  it.  Uv«hi»  Ihi'  best  vedivtors  of  heat  wtU  absorb  the  least.  It  may  he  pinper, 
haw\'n'^  to  oii^  wvMMo  iAustrations  of  the  principle  under  this  font. 

(•X  Kxposath^'biUhi^  a  sraribWthoTVieaseler  to  the  direct  rays  ef  the  son.    0ns 
hat  ausk«MNr'a  d«y  H  witt  ^wobaMy  rise^  In  thte  eKmatev  to  \W*,     Cover  it  with  India 
I    hiih«  aud  aimin  egi\Kisc  U  us  a  shaiUr  masinrr.     During  the  evaporation  of  the  noistuie 
!    il  wHl  iktt ;  but  sa  SMou  as  the  vvating  beix«see  drr.  it  will  aseend  to  118*.  ervpwndB, 
vif  V\lhff««het^  er  1(1' higbirr  than  when  uni^>Tevea  wit^  Tbb  cannot  he 

i  Mylauietl  by  sni^yioeing  that  th«  bkH.*k  c\>att»g  «  gifted  with  ^»  pewer  of  tdMnag 
I  eah^rirx  aad  t>«i^«v  aihifi  ita  veirape ;  bi:«aasi\  tt\an  ^'xperntents  slreeKN*  rdale^  it  appest 
i    tb^it  4  «itttiUr  s\NkUtt^  *.*.vWr«tv*  the  vwiiug  v>f  &  Knir  to  which  it  b  appfied. 

{^\  i\»tsurbM*fvnsi^r«bI*i»tufiK»v>verthe  absorption  of  calorie.   Thisis^owa 
j    bt^  tV«  lfi>tt(HKR^  v«ry  si»^  tspv'vterut  ef  Pt.  FinnkUn. 

•  "  t<lv«»^.T^k  J^MnM.\^  XSi  Ttv.  pw  SML  ♦  •*  W4swiK>  iswTs^"  ▼. :«, 
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Oa  a  wiatae's  diy,  whan  th*  ground  is  oorered  with  mow,  take  four  pieeei  of 
woollen  eloih,  of  equal  dimensiona,  but  of  difierent  ooLoura,  ns.,  Uack,  blue,  bzown,  and 
white,  and  lay  fhem  on  the  surftMW  of  tho  anew,  in  the  immediate  neighbonriiood  of 
each  other.  In  a  few  hours,  tho  black  cloth  will  have  sunk  oonaiderably  below  tho 
snr&oe ;  the  blue  almost  aa  much ;  tho  brown  evidently  less ;  and  the  white  will 
remain  preoiaely  in  the  same  situation.  Thus  it  appears,  that  the  sun'  s  rays  are 
absorbed  by  tha  dark-coloured  cloth,  and  excite  such  a  durable  beat,  as  to  melt 
the  anew  underneath;  but  they  have  not  the  power  of  penetrating  the  white, 
Henoe  the  preference  generally  given  to  dark-coloured  clothes  during  the  winter 
season,  and  to  li£^t-coloured  ones  in  summer,  appears  to  be  founded  on  a  sound 
principle. 

(0).  This  experiment  has  been  varied  by  Sir  II.  Davy,  in  a  manner  which  may  be 
repeated  at  any  aeason  of  the  year.  Take  six  similar  pieces  of  sheet  copper,  each  about 
an  inch  square,  and  colour  the  one  white,  another  yellow,  a  third  red,  the  fourth  green, 
the  fifth  Uue,  and  the  sixth  black.  On  the  centre  of  one  side  of  each  piece  put  a  small 
portion  of  a  mixture  of  oil  and  wax,  or  cerate,  which  melts  at  about  76°.  Then  expose 
fheir  coloured  sur&ces,  under  precisely  equal  circumstances,  to  tho  direct  rays  of  the 
SOL  The  oente  oir  the  blaek  plate  wiU  begin  to  melt  perceptibly  before  the  red;  the 
Une  nest ;  tiben  the  green  and  the  red ;  and,  lastly,  the  yellow.  The  white  will 
WBwnetf  be  oSiBeted,  when  the  black  is  in  complete  fusion. 

NIM  MlA  Uf«IA  €k»d«otoni  of  Oaloiio.— Calorie  passes,  also,  bitf  much 
moM  liowly,  thvougk  solid  and  Hquid  bodies,  which  are  then  termed  eondueUrs  of 


1.  Aoiid  bodies  ocoiTey  heat  in  all  directions,  upwards,  downwards,  and  laterally-; 
aaaiybailMnm  by  heating  the  middle  of  an  iron  rod,  and  holding  it  in  different 
dimiliaBi  Professor  Piotet,  indeed,  by  concentrating  the  sun's  rays  upon  the  middto 
if  a  iniof  motal,  kept  in  tiie  axis  of  a  glass  tube,  which  was  exhausted  by  the  air- 
poBipy  Jband  tiiat  of  two  thermometers  in  contact  with  the  metal,  the  upper  one 
iaiiflat4wi  aqoioker  elevation  of  the  mercmy  ;  but  this  may  be  aooounted  for  by  the 
iaif«taCkn  of  tho  -vacomn,  and  the  eazrying  power  of  the  air  unavoidably  left  in 
tihatnba. 

%.  Some  bodiea  oondnet  ealoiie  much  more  qmckly  than  others.  Goat  two  rodi^  of 
•qaal  bngth  and  tbieknesi,  the  one  of  glass,  the  other  of  iron,  with  wax,  at  one  end  of 
eaA^aly ;  and  tiMn  aiyly  heat  to  the  nncoated  ends.  The  wax  will  be  melted  ntiid 
sooBer-Drom  tiie  end  of  the  ixoa  rod  tiian  £rom  the  glasi  one ;  which  shows,  that  Iiob 
eendoflfla  heat  more  quiddy  than  glass. 

the  diftrent  melab  possess  very  different  powers  of  eondueting  ealorie.  An 
to  tiio  degree  in  wlkich  they  possess  this  property  may  be  attained  by 
II10  iolloiwing  method,  originally  employed  by  Dr.  Ingenhoua.  Procure  several  aofid 
tftaiMM^  er  rods,  of  the  same  size  and  shape,  but  of  di£fetent  metals.  They  mny  be 
six  Inohea  kmg,  and  one-lburth  of  an  inch  in  diameter.  Coat  them,  within  aiboixl  an 
iaeh  «f  obo  end^  with  bees-wax,  by  dipping  tiiem  into  this  substance  when  melted,  and 
doMiig  tiio  GOirMing  to  congeal.  Let  an  iron  heater  bo  provided,  in  which  small 
holaa  kavo  bMn  drilled,  l3iaft  exaetly  receive  the  eleaa  ends  of  the  cylinders.  After 
ksBtfaig  it  Mthr  ignition^  insert  tii^  cylinders  in  &eir  plaoes.  The  eondueting  power 
may  be  estimated  by  the  length  of  wax  coatings  melted  from  each  in  a  given  time. 
j&eeoriiing  to  ike  expariments  of  1^.  Ingenhoua,  tiie  metals  may  bo  arranged  in  the 
foUowing  order : — Silver  possesses  the  highest  conducting  power ;  next  gold  \  then. 


196 


COHDUOnVG  PC7WEB  OF  METALS. 


ftopper  and  tin,  irhicli  are  nearly  equal ;  and,  beloir  these,  platina,  iron,  cted,  and 
lead,  which  are  greatly  inferior  to  the  rest 

Uofpretz  haa  recently  giren  the  following  table :— « 


TABi/i;  ot  rnn  coxpabattte  coTTDvcnsfo  powebs  of  the  psnrciPAL  hetals, 

AHO  OP  sons  EABTHT  BODIES. 

Gold  (greatest  conducting  power) 

SUror   . 

Flatinnm 


Copper 

Iron 

Zinc 

Tin 

Lead 

Marble 

Porcelain 

Earth  of  Bricks  and  Furnaces 


1000,0 

973,0 

981,0 

898,2 

374,3 

363,0 

303,9 

179,6 

23,6 

12,2 

11,4 


Tho  conducting  powers  of  bodies  have  been  investigated  by  M.  Fotiri6r,t  with  the 
aid  of  an  instrument  oontriyed  by  him  for  the  purpose,  to  whudi  he  has  given  the  name 
of  Th9rmom0($r  of  Oontaet,  In  its  simplest  form,  it  consists  of  a  conical  vessel  of  T«y 
thin  sheet  iron,  filled  with  mercury,  closed  at  its  circular  base  with  very  thin  pnrch- 
mrnt*  A  thermometer,  whose  bulb  is  plunged  into  the  mercury,  indicates,  at  each 
instant,  tho  temperature  of  tho  liquid  mass.  By  means  of  the  flexible  bottom  of  the 
corns  oxact  contact  is  made  with  a  support  placed  under  it,  and  kept  at  a  given  tem- 
perature, such  as  that  of  an  apartment  When  the  conducting  power  of  any  aabatanee 
is  to  be  triodi  a  small  circular  disc,  of  the  same  siae  as  the  base  of  the  cone,  cut  Ofoi  of 
the  substan(H>  to  be  tried«  may  bo  interposed  between  the  flexible  bottom  and  the 
•ttpport»  The  mercury  is  first  heated  to  a  given  temperature  (generally  to  170*  Wtk,\ 
and  the  rataa  of  cooling,  during  equal  intervals,  are  carefully  noted  down.  If  m 
fvplftce  tho  disc  by  another  of  a  diifl^rent  material,  and  again  observe  the  deaoeni  of 
the  thermometer  in  equal  timcs«  the  rate  of  cooling  will  be  found  to  di£Eer  matsnaUy, 
bow^ver  thin  the  plate  iHiich  haa  been  inteipooed ;  for  instanee,  a  pieee  of  tii0  UneH 
pai^  will  Qccasioti  a  eensiblt  diflftfence.  Varying  the  iMtwial  of  the  inleipoaed 
I^UlMt  pi^dtK'ea  >nNry  atrikuig  varteties  in  the  ratio  of  cooling  and  eataWiahaa  a  great 
dilftNmice  «ikf  e«Midttctitt|t  power  baCweea  ealic<H  Uum^  flaaBeU  and  wwdlm  do^  The 
vHreuiMtlaiive  vwi  whieh  the  efficttcy  of  the  instruawnl  aecaa  to  depend,  is  tiie  dose 
\>iiiilaet»iiMii4tyMMwai»ofthettMdb>ehotloaa;  aad  tlM  rowslls  are  ohtaiiied  witk  the 
(pmrtMt  «iscw  eillMr  by  «Mployi«g  Ihiia  pkateSh  or  by  placing  tha  JBiliamiBt  amtaining 
ibie  b»oN4  sa<mMty  e>A  a  aMsa  «f  any  anbataM*  winse  rn^dnrriig  pafvcr  it  ia  dsiirsd 
U  biMw«  Itt  ei|iMl  uMetrali  «f  Iumk  for  exaaiyK  aol  tiriffdiaig  &v«  asinato^  te 
MNWSV^  eiMlft  wiib  vevy  «iilKt«ttl  tdneitM  k^^  phwrwij:  it  int  «tt  iroa^  tern  om  and- 
Ommw  ibMH  ^M  Wit^  attd  kally  «ii  w^eii.  Tbt  «i^tl»  it  »  arfr»nwla4giad  hf  M. 
I^MnlN^  ia  a  <N«i|ilk«ft(«l  <M9ww  a»l  K«|«tKiie«  asiettfiiMi  W  Maae  saber  cseaasiaBM«% 
<«9«r«at^|g^lbe«tpmtlebMlvirtbe  bo^f  VMitr  iriaL  for  wbitk  <i»  contvliaA  ■»( 
bi^  aafciK    In  soitbsc  teilNMMU.  wbwb  W  alas  iksrn^st  luaiw  tlbs  Maaft  oC  2lsr> 


sjiih.»r. 
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moteope  of  Oontmet^  the  ipeciiio  heats  of  bodies  do  not  ihare  in  the  effect! ;  but  this 
instrument,  being  of  a  more  complicated  construction,  cannot  be  understood  without 
reference  to  the  plate.*  By  the  first  instrument,  however,  a  great  yariety  of  curious 
&cts  have  been  ascertained,  which  could  not  have  been  anticipated  d  priori,  M. 
Fourier  finds,  for  instance,  that  when  several  discs  of  difiisrent  conducting  substances 
tte  placed  under  the  cone,  the  order  in  which  they  are  arranged  causes  a  material 
difference  in  the  conducting  powers  of  the  aggregates. 

It  is  chiefly  owing  to  the  diflbrent  conducting  powers  of  bodies  that  they  a£fect  us, 
▼ben  we  touch  them,  with  different  sensations  of  heat  or  cold.  Thus,  if  we  apply  the 
liand  in  succession  to  a  number  of  bodies  (as  a  piece  of  wood,  another  of  marble,  &c.}, 
&ey  appear  cold  in  very  different  degrees.  And  as  this  sensation  is  occasioned  by  the 
psssage  of  caloric  out  of  the  hand  into  the  body  which  it  touches,  that  body  will  feel 
flie  coldest  which  carries  away  heat  the  most  quickly ;  or  which,  in  other  words,  is 
file  best  conductor.  For  the  same  reason,  of  two  bodies  which  are  heated  to  the  same 
degree,  and  both  considerably  above  the  temperature  of  the  hand,  the  best  conductor  is 
fte  hottest  to  the  touch.  Thus  the  money  in  our  pockets  often  feels  hotter  than  the 
doihes  which  contain  it. 

jbnongst  the  most  recent  experiments  on  the  conduction  of  heat  by  solids  are  those 
of  H.  Senarmont.t  His  researches  were  prosecuted,  for  the  most  part,  on  crystalline 
bodies,  the  definite  molecular  condition  of  which  seemed  to  promise  the  discovery  of 
some  law*  His  method  consisted  in  heating  a  plate  of  the  crystal  to  be  examined  in 
the  direction  of  its  crystalline  axis,  and  trace  the  progress  of  heat-conduction  by 
observing  the  melting  of  wax,  with  which  the  sides  of  the  crystalline  plate  had  been 
previously  oovered.  The  following  are  two  general  deductions  to  which  the  philo- 
sopher has  arrived :-» 

Ittly.  In  crystals  of  the  rhombohedral  system,  and  media  constituted  like  them,  the 
Mndncting  power  varies  in  such  a  manner  that,  supposing  a  centre  of  heat  to  exist 
within  thmn,  and  the  medium  to  be  indefinitely  extended  in  all  directions,  the 
isothermal  surfiuses  are  concentric  ellipsoids  of  revolution  roimd  the  axis  of  symmetry, 
or  at  least  surfEUtes  differing  but  little  there&om. 

2ndly«  Ihai  in  crystals  having  two  optic  axes,  and  media  constituted  like  them,  if  a 
eentre  of  heat  be  assumed  to  exist  within,  and  the  crystal  to  be  indefinitely  extended 
in  all  directions,  the  isothermal  surfaces  will  be  ellipsoids,  with  three  unequal  axes,  or 
curve  snx£M8s,  diffisring  but  little  therefrom. 

M.  Ssnarmont  did  not  extend  his  experiments  to  crystalline  bodies  of  the  tessular 
system,  because  of  the  difficulty  of  obtaining  specimens  suitable  to  his  wants. 
TfiMmiM*,  however,  as  the  forces  which  determine  the  shaping  these  crystals  appear 
to  be  equal  in  all  directions — a  circiunstance  not  only  inferred  from  goniometric 
measurement,  but  by  the  discovery  of  Mitscherlich,.  that  tessular  crystals  expand 
equally  by  heat  in  aU  directions — ^there  is  great  probability  that  the  isothermal  surfiEUies 
of  sQoh  crystals  are  spherical. 

3,  Liquid  and  aeriform  bodies  convey  heat  on  a  difiiBrent  principle  from  that 
observed  in  solids,  m.,  by  an  actual  change  in  the  situation  of  their  particles.  That 
portion  of  the  fluid  which  is  nearest  to  the  source  of  heat,  is  expanded,  and  becoming 
speeifioally  lighter,  ascends,  and  is  replaced  by  a  odder  portion  frtmi  above.  This,  in 
its  turn,  becomes  heated  and  dilated,  and  gives  way  to  a  second  colder  portion ;  and 
thus  the  process  goes  on,  as  long  as  the  fluid  is  capable  of  imbibing  heat, 

•  See  ••Am.  de  Ciiim.  et  de  Phys.*'  xxxvii.  S91.  f  « N.  Ann.  Chim.  Phys."  xxl.  457. 


lt$H  oomuuenno  fowek  of  watek. 


{a),  TfikM  ft  i^iMi  tttbciy  eii^  or  ten  mcfaef  Um^  aad  about  ma  iaek  in  diaifltwr 
Vtmr  teU  tiw  bottom  {wrt,  Ibr  about  tbe  depth  of  an  mdi,  •  litde  water  tmged  vi& 
UtmiMf  tad  tb«n  fiU  up  the  tob«  with  common  water,  pouring  on  the  latter  eAkemdy 
ipniily,  «o  14  to  keep  the  two  etrata  quite  diftinct.  If  the  upper  i«rt  of  the  tnbeb* 
tf  ntt  heated,  tbe  eohmrdl  li^iior  will  remain  at  the  bottom ;  but  if  the  tube  be  after- 
ward«  be«t«4  at  the  bottom,  the  inf  usiaii  wiU  ascend,  and  will  tinge  the  idiele  mtm  il 
HM, 

{If),  Into  a  cylindrical  glam  jar,  four  inches  diameter,  and  12  or  14  deep,  let  a 
I'ireuUr  piece  of  ice  bo  fitted  3|  inches  thick,  and  of  rather  lees  diameter  than,  the  jair< 
Or  WAter  may  be  poured  into  the  jar  to  the  depth  of  3^  inches,  and  allowed  to 
by  exposure  to  a  freezing  atmosphere,  er  by  surrounding  it  with  a  mixtuxe  of 
tud  salt  Tbe  use  is  to  be  secured  in  its  place  by  two  slips  of  wood,  crossing 
uthtif  like  two  diameters  of  a  circle,  set  at  right  angles  to  each  other.  Pour,  o>?er  Hub 
uttku  of  U'4if  water  of  32'*  tomporaturo,  to  the  depth  of  two  inches ;  and  obl  its  soiftoa 
b)i  tliure  iioat  a  sluLlb)W  cinsular  wooden  box,  perforated  with  holes.  From  the  cock 
uf  a  tea-urn,  illlcd  with  boiling  water,  and  raised  so  that  its  spout  may  beabore  tbft 
top  of  ihd  jur,  suspoud  a  number  of  moistened  threads,  the  lower  ends  of  which  anit 
rest  on  the  surAiee  of  the  box.  By  this  arrangement,  when  the  cock  is  turned,  the  hot 
water  will  trickle  down  the  threads,  and  will  have  its  fall  considerably  broken.  It  w91 
thon  spread  over  the  surface  of  tho  box,  and  pass  through  the  perforated  holes  to  the 
sold  water  bcmeath,  oror  which  it  will  float  without  mixing  with  it  Let  the  jar  be 
tlius  completely  tiUed  with  hot  water.  Tho  ice  will  remain  nnmelted  for  wveral  hovBi 
at  the  bottom  of  the  vessel. 

(#).  J^Ul  a  similar  jar  with  hot  water ;  and,  having  provided  a  cake  of  ice^  of  eqmk 
slse  with  tho  furmor  onu,  lot  it  bo  placed  on  tho  surface  of  the  water.  In  abo«t  thna 
minutes  the  whole  will  be  melted.  Both  these  experiments  are  more  striking  if  the- 
watwi  used  i^ir  Amning  the  oakea  ^  ioe,  be  previously  coloured  with  litmus ;  lot,  m 
Ike  latter  experiment,  the  deeoending  euReats  of  oold  water  are  thna  made  strikiBi^ 
j   apparent 

I  (</).  Tht^se  experiments  may  be  varied,  by  freexmgv  in  the  bottom  of  a  tube  cos 
I  ineh  wi4m  a  portien  of  water,  abont  two  inohes  in  deptii.  Then  fiU  the  toW  with 
(  water  of  the  eommon  tsmperafture,  and  hokl  il  inclinod  over  an  Argand's  lamp,  so  tkst 
>  t^  upper  poHkn  only  of  tho  tube  may  bo  heated*  When  thus  dispowd,  tiw  wntv 
I  may  be  mado  to  IkuI  viid^ntly  at  tho  surlkoo»  and  yet  the  ioe  will  not  be  mnltnd  Bit 
j  tf  the  experiment  be  r«»ve«eed.  end  (the  ioe  floating  on  the  surf&ee)  heat  be  ap^ied  to 
;   thabettMaoflhetubewtheieowillboHqueAedinaftwaecQaida. 

(#X  8iftbstilutii«  waler  of  the  tempwalnre  of  41^  Ibr  the  boiling  wmter  msedia 
*   expertmfssil  \f)%  C»unl  Mumlvvrd  fbund.  ^mt  ina  giTtntiaaa,  a  mnch 

iee  WM  melted  by  the  eookr  water.  This  appears^  ea  Hist  view»  ladther 
.  IW  h0%^  hoiweiTer^  It  explauwd  by  a  lesawkabls  propcrtr  ef  watet;  «sl,  tkat 
iSHi^t^  bi^>w  40*  it  \va»e(»  K^  ix>ntrav't  and  experienced*  on  thec««tnryv 
•fbuttu  Waierv  Ihei«ilftw«^ia40\atth»  boctsMctf  whk4i»nms»of  ieesit32^,i^ 
•mM  b^  eosnaicl  with  the  kew  and  i»  axpassM  at  the  sasae  mnemnt  It  tibrndbn 
;   »we»>i^  and  i»  t gylacsil  by  a  heaHcr  aad  wawasr  partwn  Aoaa  aboTew 

Ilia  in  ejini>s|iwis>>»W^sam»psop<r<y  that  that  aaAse^f  a  det^  iakt  is  aasa^ 

iMav^  iheeaid  «^Nr  mh  iiea^  eitta  wh«a  lh»^  water  hekw  is  edly  eeuM  an  ^O'' ;  telbs 

«ttpi.<^Hki4  waaar  i*  4fetilMB(y  ligter  tbna  th»  wanaer  waisr  h^aisah  it  amd 

^   i^t  lf»iiii»\  tai  ^  sa  <haif<Nliat»  s»k    Th»ftepss^y  rfwaasrimB^of  thrmiMa 
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tble  ezaeptMUM  to  tho  Iav,  that  bodiei  are  ezpandod  by  an  inoroMe,  and  contraoted  by 
a  diminntiofii  of  tempcraturo. 

From  tboso  facts,  Count  Rumford  eonrludod,  that  water  is  a  perfect  non- 
eonduoCor  of  caloric,  and  that  it  propagates  caloric  in  one  direction  only,  vus., 
upwards,  in  consequence  of  the  motions  which  it  occasions  among  tho  particles  of 
the  fluid. 

The  Count  inferred  also,  that  if  these  motions  could  be  suspended,  Goloric  would 
cease  to  pass  through  water;  and,  with  tho  Ticw  of  deciding  this  question,  he  made  the 
feOowiag  erperimonts,  whioh  admit  of  being  easily  repeated.*  A  cylindrical  tin 
TBssel  mast  pferioiisly  be  proridcd,  two  inches  in  diameter,  and  2^  inches  deep,  having 
a  mOTSnUe  cover,  perforated  with  a  small  aperture,  for  transmitting  tho  stem  of  a 
theiiiKmietei',  which  is  to  be  inserted  so  that  its  bulb  may  occupy  tho  eentro  of  the 
vessel. 

(/].  Fill  this  vessel  with  water  of  the  temperature  of  the  atmosphere ;  let  the  cover 
be  pat  in  its  place ;  and  let  the  whole  apxmratus,  except  the  scale  of  the  thermometer, 
be  inmersed  in  water,  which  is  to  be  kept  boiling  over  a  lamp.  Observe  how  long  a 
time  is  required  to  raise  tho  water  from  its  temperature  at  the  outset  to  180%  and 
lemorre  K  from  its  situation.  Note,  also^  how  long  it  takes  to  return  to  its  former 
temperature. 

(^}.  Bepeat  the  experiment,  having  previously  dissolved  in  tho  water  200  grains  of 
common  starch.  The  thermometer  will  now  requiro  about  half  as  long  again  to  arrive 
at  the  same  temperature.  A  similar  retardation,  and  to  a  greater  amount,  is  produced 
by  iSb.e  mixture  of  for,  eider-down,  cotton-wool,  and  various  other  substances,  which 
sre  not  chemically  soluble  in  water,  and  which  can  diminish  its  conducting  power  in 
no  other  way  than  by  obstructing  the  motion  of  its  particles.  The  same  substances 
retard  the  propagation  of  heat  through  air  also,  by  preventing  the  movement  of  its 
particles  scmong  each  other.  In  general,  the  lighter  the  non-conductor,  as  to  weight, 
tile  better  does  it  act  as  an  envelope  to  retain  heat,  and  hence  the  better  is  it  adapted 
to  the  pmrpoee  of  winter  clothing.  Air  thus  oonfined  in  small  ceUs,  appears  to  bo  a 
very  slow  conductor  of  caloric. 

Tlie  inference,  however,  respecting  tho  complete  non-conducting  power  of  water, 
has  been  set  aside  by  the  subsequent  inquiries  of  Dr.  Thomsonf  and  the  late  Dr.  John 
lIurTtty,^  of  Edinbnrgh,  especially  by  a  meet  decisive  experiment  of  the  latter.  To 
estaUidt  the  ccnduoting  power  of  water,  it  was  justly  doomed  indispensable,  that 
caloric  should  be  proved  to  bo  propagated  through  that  fluid  downwards.  This,  on 
actual  trial,  it  appeared  to  be ;  but  it  was  objected,  that  the  sides  of  the  containing 
vessel  might  be  the  conductor.  To  obviate  this  objection,  Dr.  Murray  contrived  to 
eongeal  wator  into  the  form  of  a  jar,  capable  of  holding  liquids.  This  was  separately 
filled  irith  linseed  oil  and  with  mercury.  At  a  proper  distance  below  the  surface,  the 
bulb  of  a  thermometer  was  placed ;  and  on  the  surfkco  of  the  liquid  rested  a  fiat  iron 
vessel^  eontaining  boiling  water.  Under  theso  circumstances,  the  thermometer  inva- 
riably TOBc;  and  though  it  ascended  only  a  very  few  degrees,  yet  it  must  be  recollocted,- 
tfaat  the  cooling  power  of  tho  sides  of  the  vessel  would  effectually  prevent  any 
considerable  dovation  of  tempcraturo.  This  experiment,  in  conjunction  with 
others,  decisively  proves  that  water  is  a  conductor,  though  a  slow  or  imperfect  one, 
of  caloric 

•  See  hi!  "  Seventh  ttwiy  on  Heat,"  8to,  17«7. 
*  NifliioIson*s  «« Fkfl.  Joan.,"  voL  iv.  p.  5M.  t  IMd,  voL !.,  pp.  165  and  241. 
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OtA^tU  tkm  OftHM  of  UfvlAltsr.— Almoft  ererj  lolid  is  capable  of  pMongto 
ilm  fluid  «Uto  on  tlie  ftppUcation  of  a  fuffieient  degree  of  heat,  idiich  is  not  tin  Mone 
tor  all  aolidi,  but  diffsra  tar  each.  In  many  solida  the  transition  to  the  Uqiud  ibcm  is 
sudden^  whiltt  others  paaa  through  rarious  stages  of  liquidity  before  they  become  oom- 
ploiely  fluid.  The  metals  and  ice  are  examples  of  the  first,  and  wax  or  talloir  of  the 
second,  kind  of  liquefaction.  In  the  former,  it  is  more  easy  to  determine  vhat  has 
been  ciall^d  the  fming  oir  mating  pointy  which  is  constant  in  the  same  solid. 

All  fluids,  with  the  ezcoptionof  chloride  of  azote,  protochloride  of  caxbon,  solphnret 
of  otrbon,  and  alcohol,  are  capable  of  being  solidified  by  reducing  their  ten^entore. 
Wlien  the  natural  form  of  a  body  is  that  of  a  liquid,  and  it  only  occasionally  assumes 
the  solid  form,  wo  call  the  temperature  at  which  it  is  soUdified,  or  at  which,  when 
solid,  it  begins  to  melt,  ihof reusing  or  eongealing  paint  i  and  this  is  also  constant  in  the 
same  liquid,  but  difforont  in  various  liquids,  as  will  more  clearly  appear  from  the  £>!• 
lowing  examples. 

I.  Th0  t0mp0rotur$  of  mMng  tnow,  or  of  thawing  ice,  ts  uniformly  the  samo  at  aU 
$im0»t  nH4  in  ail  ;»i^cM.— This  may  be  ascertained  by  tiie  thermometer,  which  will 
always,  when  immersed  in  liquefying  ice  or  snow,  point  to  32"  Fah.,  whatsoerer  may 
be  the  height  of  the  baromotor,  or  the  elevation,  above  the  sea,  of  the  place  where  the 
experiment  is  made.* 

II,  J^#  90niihl*  hnit  or  tempiratun  of  iee^  of  32""  Fah.,  ii  not  changed  hy  liquefaction.^ 
A  thermometer  in  pounded  ioe  stands  at  32%  and  at  the  very  same  point  in  the  water 
which  results  fi*om  the  liquefiiotion  of  ioe :  care  being,  of  course,  taken  to  observe  the 
temperature  of  the  water,  at  the  moment  when  the  last  portion  of  ice  has  been 
liquefied* 

,  III,  Yet  H>^  itm^iny^'Uptefactim^  must  aheori  much  calorie. — ^Expose  a  pound  of 
water  at  il^\  and  a  pound  of  ice  at  32%  in  n  room,  the  temperature  of  which  is  several 
(k^greea  above  the  iVeeiing  point,  and  uniforaly  the  same  during  the  experiment.  The 
water  will  arrive  at  the  temperature  of  the  room  aeveral  hours  be£»re  the  ice  is 
welted  i  and  the  icot  when  fint  melted,  will  exhibit,  as  before  its  liquefiMition,  tht 
temp«Mrature  of  3d\  Yet  the  ice,  during  the  iriide  of  this  time,  most  have  been 
iwVibii^g  eakwie»  because  a  eoldetr  body  can  neve^  be  in  contaot  with  a  wanner  one 
without  receiving  calorie  ttom  it.  The  eakrie,  therefore,  which  has  entered  tht 
ie^  hMt  i»  not  to  be  ^HiAd  in  it  hy  the  ther«M>meter,  is  said  to  have  ieeatrn  ImtemL  As 
il  ia  the  ca^iae  of  the  l^llefiM^tiQa  of  the  ke,  it  ia  sonetimes  called  tmbrit  efjhriiiiy^  or 


I\\  The  fmtMy  ^  e«A«m  tlai  emier^  itie  •  peemdefic9^  amd  liciifs  filsnC,  dariag 
HJm^^wliNii,  flany  le  tmimed  ^  «qMr^nm^— To  a  pound  of  water,  at  ITS',  add  a  poond 
<xf  ¥^  al  9::^.  TW  toM^etat^r^  witt  not  ha  the  arithsetwal  Man  0^  ^Mit  mmk 
Mow  il-*«i\..  ^^  AJlUi»»3Kefaofcah>rie  in  the  hot  water  has  Aartfcredisifyaieil. 
f^<m  Xr^  tafe»  3i3i^;  tW  femaimlwr.  liT.  shows  the  <|aaBti^  of  cahns  ti^  takn 
laloa  po^Bwlof  iiJ»  dwBriJag  li>|ia»lfciel>om ;  ^hat  la»  an  much  eafaritt  is  ahanshsdhyayd 
ot«9ei  ^tax«i^  ita^  eonvecsiMn  into  watitr»  a»  wodkl  raisa  a  poand  af  watar  ftoaa  32* 

lti»lKMath»pcope<^Qf  ilaiNttfi)c«lya]beQch«^        aama  q;aaBizl^  ef  calorie  ftr 

eo«va»«i»  iMIo  walK»  that  itiewaa  an^M^  hy  Lavomar  and  La^Iacaw  %a  tiha  adssaa* 
ywwmient  oT  th#  heat  <rvot«ed  in  cuftain  opec«bo«k  JM  ua  sappoea  tiba  had^  {from 
whkhtik«eahNM^<rv<}^Nd<iithttt  by  wafh  coating  oa  <MathiHtm»  ia  to  ha 
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to  be  inelotad  in  «  hoUow  sphere  of  ioe,  with  tn  opcniog  at  the  bottom.  When  thus 
phused,  the  heat  which  is  giyen  out  will  be  aU  employed  in  melting  the  ioe ;  and  will . 
prodnoe  liquefiustion  in  direct  proportion  to  the  quantity  of  heat  evolved.  Hence  the 
quantity  of  ioe  which  is  oonvertod  into  water  will  bo  a  measure  of  the  caloric  that  is 
leparated  from  the  body  submitted  to  experiment.  In  this  way,  Lavoisier  ascertained 
that  equal  wei^ts  of  difibrent  combustible  bodies  melt,  by  burning,  very  difierent 
weights  of  ioe.  The  apparatus  which  he  employed  for  this  purpose  he  has  called  the 
eahrimtUr,  Its  eonstruetion  can  scarcely  be  understood  without  the  plate,  which 
aeeompasiiM  the  description  in  his  "  Elements  of  Chemistry ;"  and  I  consider  it 
umeoesiary  to  copy  it  into  this  work,  because  the  instrument  is  liable  to  several 
causes  of  fiaUacy,  which  render  it  quite  inadequate  to  the  accurate  measurement 
of  heat. 

y.  Th€  kiat  rendered  laUnt  3y  th$  fution  of  variotit  hodUs  ii  fioi  a  eotutant  quaniitfy 
ht  uuriutufw  mtik  mdividml  body* — This  is  shown  by  the  foUowing  results  of  the 
operiments  of  the  two  Drs.  Irvine :-« 


Calorie  of 

Do.  reduced  to  the 

flnlditj. 

sp.  heat  of  water* 

Sulphur    . 

.     143-68' 

Fah. 

.     2M4 

.     145 

Lead 

.     162 

, 

.         .       5-6 

Bees-wax 

.     175 

Sue 

.     493 

. 

.     48-3 

Hn 

.     500 

.     33- 

Bismuth  • 

.    550 

• 

.     23-25 

..    ^    t,^  I 

.     4.t.^    4.«V1^    .^. 

, 

All  the  bodies  enumerated  in  the  table  require,  it  may  be  observed,  more  caloric 
to  bring  them  into  a  fluid  state  than  is  necessary  to  convert  ice  into  water,  for  which 
140^  are  sufficient. 

YI.  Other  examplei  of  the  absorption  of  ealoriey  during  the  liquef action  of  bodies^  are 
fbrnished  by  the  mixture  of  snow  and  nitric  acid,  or  of  snow  and  common  salt,  both  of 
which,  in  common  language,  produce  intense  cold. 

1.  Dilute  a  portion  of  nitric  acid  with  an  equal  weight  of  water ;  and  when  the 
mixture  has  cooled,  add  to  it  a  quantity  of  light  fresh-fallen  snow.  On  immersing  the 
thermometer  in  the  mixture,  a  very  considerable  reduction  of  temperature  will  be 
observed.  This  is  owing  to  the  absorption  and  intimate  fixation  of  the  free  caloric  of 
the  mixture  by  the  liquefying  snow. 

2.  Mix  quickly  together  equal  weights  of  frt^sh-fallen  snow  at  32%  and  of  common 
sslt,  cooled,  by  exposure  to  a  freezing  atmosphere,  down  to  32°.  The  two  solid  bodies, 
on  admixture,  will  rapidly  liquefy,  and  the  thermometer  will  sink  32**,  or  to  0 ;  or, 
scoording  to  Sir  C.  Blagden,  to  4**  lower.*  To  understand  this  experiment,  it  must  be 
recollected  that  the  snow  and  salt,  though  at  the  freezing  temperature  of  water,  have 
each  a  considerable  portion  of  uncombined  caloric.  Now  salt  has  a  strong  affinity  for 
water ;  but  the  union  cannot  take  place  while  the  water  continues  solid.  In  order, 
therefore,  to  act  on  the  salt,  the  snow  absorbs  all  the  free  caloric  required  for  its  lique- 
faction ;  and,  during  this  change,  the  free  caloric,  both  of  the  snow  and  of  the  salt, 
amounting  to  32^,  becomes  latent,  and  is  concealed  in  the  solution.    This  solution 

•  «  Philoeophieal  Transaetions,*'  Ixxviii.  281. 
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rtmAiM  iAflk  ll|ttid  state  at  0,  or  4*  balow  0  of  Fah. ;  hat,  if  a  gieater  degroa  of  «Mbe 
•ppllod  to  it,  the  lalt  saparatcf  in  a  concrete  forai. 

3.  Most  neutral  ialte»  aleo,  during  solution  in  water,  absorb  much  oaloria ;  and  tin 
oold  thus  generated  is  so  intense  as  to  freese  water,  and  eren  to  oongaal  asfovy. 
Tbe  former  experiment,  boweTor  (viz.,  the  congelation  of  water),  maj  aasOf  be 
repeated  on  a  summer's  day.  Add  to  82  drachms  of  water  11  drachms  of  mnriate  of 
ammonia,  10  of  nitrate  of  potassa,  and  16  of  sul^diate  of  soda,  all  finely  powdered.  The 
salts  may  be  dissolred  separately  in  the  order  set  down.  A  thermometer,  put  into  the 
solution,  will  show  that  the  cold  producisd  is  at  or  below  freeeing ;  and  a  little 
water,  in  a  thin  glass  tube,  being  immersod  in  liie  solution,  will  be  frozen  in  a  fbw 
minutes. 

4.  Orystallixod  hydroohlorato  of  lime,  when  mixed  with  snow,  produces  a  mostinteDie 
degree  of  eold.  This  property  was  disooyered  some  years  ego,  by  M.  Lovits,,of  St. 
Petvrsburg,  and  has  since  boon  applied,  in  this  country,  to  the  oongeiatioB  of  meieuiy 
on  ft  vory  oxtonaive  soalo.  The  proportions  whidi  answer  best  are  about  eqwJ  .weigUs 
of  the  salt,  finely  powdered,  and  of  frosh-fallen  and  light  snow.  On  mixing  these  toge- 
ther, and  immersing  a  thormomotor  in  the  mixture,  the  mercury  sinks  with  great 
rapidity. 

¥ov  moftiuring  exactly  'the  oold  produood,  a  spirit  thermometar,  graduated  to 
fiO*  below  0  of  Fah,,  or  still  lower,  should  be  employed.  A  few  pounds  of  the'  sslt 
are  sufiieient  to  congeal  a  large  mass  of  mercury.  By  means  of  18  pounds  of  the 
hydroi^hlorato,  and  an  equal  weight  of  snow,  Messrs.  Pepys  and  Allen  firoze  56  pounds  of 
quiek^ilver  into  a  solid  mass.  The  mixture  of  the  whole  quantity  of  salt  and  snow, 
however,  was  not  mado  at  once,  but  part  was  expended  in  cooling  the  materials 
themselves. 

Ou  a  small  scale,  it  may  bo  sufficient  to  employ  two  or  three  pounds  of  the  salt 
liet  a  (^w  ouneos  of  mercury,  in  a  veiy  thin  glass  retoit,  be  Immersed^  first  in 
a  mixture  of  one  pound  of  each,  and,  when  this  has  ceased  to  act,  let  another 
similar  mixture  be  prepared.  The  second  will  never  fsil  to  congeal  the  quicksihrer. 
The  salt  thus  expended  may  be  again  evaporated,  and  ciystallized  fiir  f utnne  eaEpen« 
ments* 

VII.  On  tM  amirmy,  /%«Mb,  m  leosm^f  ssJi^sfWrf  erfHw  •mt  takrie^  sr,  m  mmmtn 

I.  Water,  if  covered  with  a  thin  abtatum  of  oil,  and  k^  pesfectly  ficae  from  agita- 
tion»  may  be  eooled  down  more  than  twenty  degrees  below  82^ ;  but,  on  ahakiag  it,  or 
droppiui^  into  it  a  »maU  fira^rm^nt  of  ice>  it  immediately  congeals,  and  the  ten^esatqm 
ri*»  to  5:l\« 

t.  Sxpoae  to  the  atmos^ere>  when  at  a  timpentuia  below  &eeiing  (lor  ammpl^ 
at  %y  of  »hrenhi»t}>  two  equal  quantitiea  of  watet>  in  one  only  of  whidi  about  a 
lb«rth  of  its  weight  of  eomasMn  sah  has  be«n  dsaolved.  TW  saline  aolntiaa  will 
W  ^iraduaUy  i'ooled*  without  freeiiag*  to  •4\  The  pure  watisr  will  pnyeasiydly 
dMiMK^  W  ^>  and  will  thl^r«  romain  slatioauy  a  c^msideraWe  ume  VsliMre  it  congeals. 
Yetv  >v)oW  th«»  sutionarr^  it  cannot  W  diMbt^  that  ^  pure  water  yialdiaf  cakriD 
to  the  atsftosi^ri^  equally  with  the  saliae  sohuikvi;  £>r  it  i^  iaq^OKibfe  that  a  wanMr 
K4:r  c«n  be  surroundi^  by  a  cod)(«  ott^  wi^koul  imparting  calonc  to  the  latter.  The 
re>WtfA  v^f  th»  c^uahie  temjperaturt^  »  well  ex|ilaijKd  by  X^  Cmw^icd.    Water,  he 
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doting  fteeriag,  it  ufbfd  npo&  by  two  opposite  poiren :  it  ia  '4ipitTo4  of 
odorio  by  enpoomo  to  a  me4i«ii  wliow  tempentnro  is  below  SS* ;  mud  it  ie  eappUed 
wiA  eelovie  by  Hie  evolaliett  of  that  prineiple  from  itself,  m.,  of  tbet  portioii  whidk 
QOBStitvted  ite  fluidity.  As  these  powers  wn  exactly  equal,  the  teaperatare  of  the 
water  amst  yematn  anehanged  till  the  oslerie  of  fluidity  is  all  evolfed. 

8.  no  oTolatioA  of  calorie,  daring  the  congelation  of  water,  is  wdl  illvstiated  by 
fte  IbBowing  esiperiment  of  Dr.  Orawflnd : — Into  a  ronnd  tin  Tessd  put  a  pound  ii 
powdered  iee ;  aorroond  this  by  a  miztare  of  snow  and  salt  in  a  laiger  Tsssd ;  and  sdr 
flie  ice  in  the  inner  one  till  its  tcmperatuie  is  redoeed  to  -f  4*  of  Fahrenheit.  To  the 
ise  ttns  cooled,  add  a  poand  of  water  at  82^  One  fifth  of  this  will  be  froaen ;  and  the 
teatperatore  of  the  iee  will  rise  from  4**  to  9T.  In  this  instance  the  caloric,  erolTed 
hf  the  congelation  of  one  fifth  of  a  pound  of  water,  raises  the  temperature  of  a  pound 
«fieel8*. 

4.  If  we  dissolre  sulphate  of  soda  in  water,  in  the  propordon  of  one  part  to  &▼«, 
lad  stmoand  the  solution  by  a  freezing  ndzture,  it  cools  gradually  down  to  81^  The 
■It  at  tliis  point  begins  to  be  deposited,  and  stops  theeooling  entirely.  This  erolution 
of  ealnie,  during  the  separation  of  a  salt,  is  exactly  the  reverse  of  what  happens 
taring  its  sdaticm.* 

6.  To  a  saturated  solution  of  sulphate  of  i>otassa  in  water,  or  of  any  salt  that  is 
iasQlable  in  alcohol,  add  an  equal  measure  of  alcohoL  The  alcohol,  attracting  the 
water  more  strongly  than  the  sslt,  precipitates  the  salt,  and  considerable  heat  is 
preduoed- 

0alOKie  tha  Cavaa  of  Tapow.— I.^f^ry  Hgmd^  ithm  of  the  tame  decree  of 
chemical  purity y  and  under  equal  eireumttanees  of  atmospheric  preeeure^  hoe  one  peculiar 
peimtpf  temperature  at  which  it  invariablsf  boils. — Thus  pure  water  always  boils  at  212°, 
tloohol  of  sp.  gr.  0-813  at  173%  and  ether  at  96**  Fah. ;  and,  when  once  brought  to  the 
boiling  point,  no  liquid  can  be  made  hotter,  howercr  long  the  application  of  heat  bo 
eontinned. 

The  boiling  point  of  water  may  be  readily  ascertained  by  immersing  a  ther- 
mometer in  water  boiling,  in  a  metallic  Teasel,  oyer  the  fire.  As  there  is  some  danger 
in  applying  heat  directly  to  a  yessel  containing  either  other  or  alcohol,  the  ebullition 
of  tiieee  ftmds  may  best  be  shown  by  immersing  tiie  yessel  containing  them  in  water, 
flie  temperature  of  whidi  may  be  gradually  raised.  The  appearance  of  boiling  is  owing 
to  the  formation  of  yapour  atthe  bottom  of  the  yessel,  and  its  escape  through  tiie  heated 
ihdd  abore  it.  That  tho  steam  which  escapes  is  actually  formed  at  the  bottom,  and 
not  at  the  top  of  the  woter,  may  be  seen  by  boiling  some  water  in  a  Florence  flask,  or 
oCher  transparent  yessd,  oyer  an  Argand's  lamp.  The  bubbles  of  yapour  will  eiyidentiy 
asoend  from  the  bottom  of  the  yesseL 

*  A  £bw  exceptions  to  the  fixity  of  the  boiling  point  of  liquids,  arising  chiefly  from 
fte  material  of  which  the  containing  yessel  is  made,  have  been  stated  by  Gay  Lusaac.f 
TFi^sr  a  mean  pressure,  the  boiling  point  of  water  in  a  metallic  yessel  is  generally  212° ; 
in  a  ^ass  yessel  it  rises  as  high  as  216°,  but  may  be  stated,  on  an  ayerage,  at  214". 
E?en  in  the  same  glass  yessel  the  boiling  point  is  found  to  yary  considerably.  This 
sppean  to  be  owing  to  some  irregularity  in  the  formation  of  steam,  which  may  be 
obseryed  to  burst  forth  occasionally  in  large  bubbles,  the  escape  of  which  is  immediately 
fi^wed  by  a  fall  of  the  thermometer.  If  iron  or  copper  filings,  platinum  wire,  or  eyen 
•  BUgden,  «<  Pfailoftophioal  Transaetione,''  Izxyiii.  290. 
f  *«  Ann.  de  Chim.  et  de  Phys."  tU.  307,  or  •<  Joarn.  <a  Boieoee,"  ▼.  SCI. 


144 


PS0PEBTIB8  OP  BTBAM* 


pounded  glftMy  be  thrown  into  the  gUuw  veesel  of  water  thus  heated,  steam  is  instantly 

formed  in  great  abundance,  and  the  boiling  point  is  immediately  lowered  two  or  three 

degrees.    By  putting  coils  of  wire  into  liquids,,  heated  in  glass  ressels  with  a  ynew 

to  their  distillation,  they  are  made  to  boil  quietly,  and  some  degrees  lower  than  they 

I    would  otherwise  do.    It  is,  of  course,  necessary  to  use  a  metal  which  is  not  acted  upon 

I    by  the  particular  fluid  under  distillation-— platinum,  for  instance,  when  we  operate  on 

!    sulphurio  acid*    A,  similar  change  of  the  boiling  point,  by  the  presence  of  eztraneoos 

substances,  has  been  found  by  Dr.  Bostock  to  take  place  in  ether  and  alcohol.     Ethei^ 

heated  in  a  glass  vessel,  had  its  boiling  point  lowered  nearly  50"*  by  introducing  a  few 

chips  fh)m  a  cedar  pencil,  and  alcohol  of  s.  g.  *849  had  its  boiling  point  reduced  by  the 

same  means,  between  30^  and  40°.    The  boiling  point  of  water,  heated  in  a  glaai 

vesseli  was  brought  down  4°  or  6"  by  the  same  method.* 

11.  Sttnm  ha*  $xaeiljf  the  aatne  temperature  as  hoUing  water. — ^Let  a  tin  yessel  be 
provided,  having  two  holes  in  its  cover,  one  of  which  is  just  large  enough  to  admit  the 
stem  of  a  thermometer.  Fill  it  partly  with  water,  and  let  the  bulb  of  the  thermometer 
be  an  inch  or  two  above  the  surface  of  the  water,  leaving  the  other  aperture  open  for 
the  escape  of  vapour.  When  the  water  boils,  the  thermometer,  surrounded  by  steam, 
will  rise  to  a  12 \  which  is  precisely  the  temperature  of  the  water  beneath;  yet  water, 
plac«d  on  a  flre,  continues  to  receive  heat  very  abundantly,  even  when  bdling  hot; 
and  as  this  heat  is  not  appreciable  by  the  thermometer,  it  must  exist  in  the  steam  in  a 
latent  staUv  With  saline  solutions,  tho  temperature  of  the  steam  arising  finom  them 
is  tho  same  as  that  of  the  boiling  s(dution  itself,  f  The  boiling  points  of  a  considerable 
number  of  saturated  solutions  are  exhibited  in  the  form  of  a  Table  in  the  "  Quarterly 
Journal  of  SSoicnce/*  xviii.  89. 

III.  Per/eeify  fumed  Uemm  is  eowtpkid^  ifwietNe,— 
Wo  may  satisfy  ouraelvea  of  this  by  boiling  strongly 
a  small  quantity  of  water  in  a  flask ;  £>r  perfect  trsns- 
ivarency  will  exist  in  the  upper  part  of  the  vesseL  It 
ia  only  when  it  begins  to  be  condensed  that  steam 
becottM  visible.  We  have  a  prooi^  also,  of  the  same 
te^X  in  the  thick  fi^gs,  whieh  az«  produced  by  a  sudden 
transition  ficxMn  warm  to  cold  weathor;  the  vapour, 
which  was  impcrveptiMo  at  the  hi^  t^nperature,  being 
c\HidcttMd  and  Y^ndcDfid  visibfo  by  the  lower. 

The  pet^^  tran^^ai«ncy  of  steam,  and  also  two 
other  important  prv^nics  on  v^ch  depeiida  its  use  ss 
a  itt«>Tin^  pow«r«  xiiu  its  dastiaty  and  its  condftnirihility 
Vy  a  ivstttc^  liMiiipetatui««  an^  beautiiii]]^  shown  by  a 
Ultk  ap|iai«t«s  (ontnvied  by  Dr«  WoUaabm,  of  which 
*  libeKih  is  aMacXx-4.  It  consists  of  a  ^asa  tnhe  about 
six  inK^M*  loiif  a»i  thM^c^fooith  iadi  bore,  as  cylin- 
d^ical  a$  {viattKkv  aiii  Viowii  v>«t  a  Htde  at  die  lower 
«iai.  h  h«ft  a  wvvi^Mi  handl<N.  t;>  wH^  is  *1»fT^'^  a 
>ima  <^  ^wibnN^ii^  t^  ti&b^ ;  aad  widiin  is  a  pistont 
%^-<)k  arii  >ir41  s»  il»  iv>a.  m^  |Kti»nilc^  as  «h.>wa  by  th.'^  o^^tted  fizkes.  This 
v^wMk  ma^  W  vw^SBMMu^  <f«a<d  «tr  <i<md  Vy  a  4v*9^w  as  die  tap;  and  tiie 
^^'^'^  ?v^  i»  Vc^  ^  ^.  ax:tt  ^  ^  <y>M(?   Vy  Ktjis^  |«a$scd  t^roo^  a  hole 
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in  a  pieoe  of  cork  flxod  at  the  top  of  the  tube.  When  the  instrument  is  used,  a 
little  water  is  put  into  the  bottom ;  the  piston  is  then  introduced,  with  its  aperture  left 
open;  and  the  water  is  heated  over  a  spirit  lamp.  The. common  air  is  thus  expollol 
from  the  tube,  and  when  this  may  be  supposed  to  be  effected,  the  aperture  in  the  rod 
is  dosed  by  the  screw.  On  applying  heat,  steam  is  produced,  which  drives  the  piston 
Inwards.  On  immersing  the  bulb  in  water,  or  allowing  it  to  cool  spontaneously,  a 
vacuum  is  produced  in  the  tube,  and  the  piston  is  forced  downwards  by  the  weight  of 
the  atmosphere.  These  appearances  may  bo  alternately  produced,  by  repeatedly 
heating  and  cooling  the  water  in  the  ball  of  the  instrument.  In  the  original  steam 
engine,  the  Tapour  was  condensed  in  the  cylinder,  as  it  is  in  the  glass  tube ;  but  in 
the  engine  as  improved  by  Mr.  Watt,  the  steam  is  pumped  into  a  separate  vessel,  and 
there  condensed ;  by  which  the  loss  of  heat,  occasioned  by  cooling  the  cylinder  every 
time,  is  avoided. 

•  rV.  ITie  boilinff  point  of  the  tame  fluid  varies  under  different  degreee  of  <Umoipherie 
preteure. — ^Thus  water,  which  has  been  removed  from  the  fire,  and  has  ceased  to  boil, 
has  its  ebullition  renewed  when  it  is  placed  under  a  receiver,  the  air  of  which  is 
quickly  exhausted  by  an  air  pump.  Alcohol  and  ether,  confined  under  an  exhausted 
receiver,  boil  violently  at  the  temperature  of  the  atmosphere.  In  general,  liquids  boil 
M  vaem^  with  about  124°  less  of  heat  than  are  required  under  a  mean  pressure  of  the 
atmosphere  ;*  water,  therefore,  in  a  vacuum  must  boil  at  88",  and  alcohol  at  49""  Fah. 
Even  the  ordinary  variations  in  the  weight  of  the  air,  as  measured  by  the  barometer, 
are  sufficient  to  make  a  difference  in  the  boiling  point  of  water  of  several  degrees 
between  the  two  extremesyf  as  shown  in  the  following  table : — 


Height  of 

Boiling  point 

Height  of 

Boiling  point 

Barometer. 

of  water. 

Barometer. 

of  water. 

26     .     .     . 

.     .     .  204-91- 

29      .     .     . 

.     .     .  210-19' 

26-5.     .     . 

.     .     .  205-79' 

29-5  .     .     . 

.     .     .  211-07' 

27     .     .     . 

.     .     .  206-67' 

30     .     .     . 

.     .     .  212' 

27-5  .     .     . 

.     .     .  207-55^ 

30-5  .     .     . 

.     .     .  212-88" 

28     .     .     . 

.     .     .  208-43' 

31     .     .     . 

.     .     .  213-76' 

28-5  .    .     . 

.     .     .  209-31' 

On  ascending  considerable  heights,  as  to  the  tops  of  mountains,  the  boUing  point  of 
water  gradually  falls  on  the  scale  of  the  thermometer.  Thus,  on  the  summit  of  Mont 
Blanc,  water  was  found  by  Saussure  to  boil  at  187'  Fah.  On  this  fact  is  founded  the 
use  of  the  thermometer  in  the  measurement  of  heights,  which,  though  originally  sug- 
gested by  Fahrenheit,  has  only  within  the  last  few  years  been  made  conveniently 
practicable,  by  the  invention  of  a  thermometer,  adapted  to  the  purpose,  by  the  Rev. 
Mr.  Wollaston.  J  Without  entering  into  minute  details,  it  would  not  be  possible  to 
give  a,  dear  idea  of  the  instrument.  It  may  be  sufficient  to  state,  that  each  degree 
about  the  boiling  point  is  made  to  occupy  a  space  that  admits  of  being  distinctly 
diyided  into  1000  parts.  And  as  each  degree  of  Fahrenheit  is  equivalent  to  0-589  of  an 
inch  of  the  barometer,  which  indicates  an  elevation  of  530  feet,  it  follows  that  one 
thousandth  part  of  a  degree  will  be  equivalent  to  a  difference  in  height  of  about  six 
inches.  In  &ct,  the  height  of  a  common  table  produces  a  manifest  difference  in  the 
boiling  point  of  water,  as  ascertained  by  this  very  sensible  instrument. 

•  Blaelc*8  Lectures,  i.  151. 

t  Sir  O.  Shnekbrn-f  h,  hi «« Philosophical  TnmMioUonB,**  Izxix.  375 ;  and  Gen.  Roy  in  ditto,  IzvU.  667. 

%  *«  Phno«>phieal  Transactions,*'  1817. 
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The  influcnoe  of  a  diminished  pressure,  in  causing  ebullition  to  take  place  at  a 
1ow(>r  temperature,  may  also  be  illustrated  by  the  following  simple  experiment :— Place 
over  a  lamp  a  Florence  flask,  about  three-fourths  filled  with  water ;  let  it  boil  briskly 
during  a  few  minutes ;  and,  immediately  on  removing  it  from  the  lamp,  cork  it  tightly, 
and  suddenly  invert  it.  The  water  will  now  cease  to  boil ;  but,  on  cooling  the  convex 
part  of  the  flask  by  a  stream  of  cold  water,  the  boiling  will  be  renewed.  Allying 
bf»iHng  water  from  the  spout  of  a  tea-kettle  to  the  same  part  of  the  flask,  the  water 
will  Again  coaso  to  boil.  This  renewal  of  the  ebullition,  by  the  application  of  cold  (ai 
apparent  paradox),  is  owing  to  the  formation  of  an  imperfect  vacuum  over  the  hot 
water,  by  the  condensation  of  steam ;  and  the  suspension  of  boiling,  on  re-applying  tke 
heat,  to  the  renewed  pressure  on  the  surface  of  the  hot  water,  occasioned  by  the 
formation  of  fresh  steam. 

Krom  the  facts  which  have  been  stated,  it  may  be  inferred  that  the  particles  of 
(*aloric  are  mutually  repulsive,  and  that  they  communicate  this  repulsive  tendency  to 
othrr  bodies  in  which  caloric  is  contained.  This  repubive  power  tends  to  chaage 
solids  into  fluids,  and  liquids  into  aeriform  bodies,  and  is  chiefly  eounteraeted  by  the 
prrssuro  of  the  atmosphere.  "Were  this  counteracting  cause  reRioved,.  many  bodies, 
whi(!h  at  present  have  a  liquid  form,  would  cease  to  be  such,  and  would  exist  perma- 
nently in  a  gaseous  state.  Precisely  the  same  effect,  therefore,  residts  from  the  pre- 
valence of  rithor  of  those  forces.  Add  to  certain  liquids  a  quantity  of  calorie,  in  other 
words,  place  tliom  in  a  high  temperature,  and  they  immediately  assume  an  aeriform 
state.  Again,  their  temperature  remaining  the  same,  diminish  the  weight  of  the- 
atniospboro ;  and  the  caloric,  which  they  naturally  contain,  exerts  its  repulsive 
tondoncy  with  equal  effect,  and  they  arc  in  like  manner  converted  into  gases.  These 
facts  are  beet  shown  by  the  following  experiments  on  ether : — 

1 .  Kthor,  at  the  temperature  of  96"*,  exists  in  the  state  of  a  gas.  This  may  be  shown 
by  tilling  a  jar  with  water  a  fow  degrees  above  this  temperature,  and  inverting  it  in  a 
vessel  of  the  same.  Then  introduce  a  little  ether,  by  means  of  a  small  glass  tube 
eUvjed  at  one  end.  The  ether  will  rise  to  the  top  of  the  jar,  and,  in  its  ascent,  wiU  be 
ehang(Hl  into  gas,  filling  the  whole  jar  with  a  transparent,  invisible,  elastic  fluid.  On 
jHTiuitting  the  water  to  cool,  the  ethereal  gas  is  condensed,  and  the  inverted  jar  again 
becomes  flUed  with  water. 

2.  Kther  is  changed  into  gas  by  diminishing  the  weight  of  the  atmosphere.  Into 
a  glass  tube,  about  six  inches  long«  and  half  an  inch  in  diameter,  put  a  tea-spoonful  of 
otheA  and  fill  up  the  tube  with  water ;  then,  pressing  the  thumb  on  the  open  end  of 
th^  tubes  plai^  it,  inverted,  in  a  jar  of  water.  Let  the  whole  be  set  under  the  receiver 
of  an  air-pump,  and  the  air  exhausted.  The  other  wiU  be  changed  into  gas,  whidi 
will  expel  the  water  ontin^ly  from  the  tube.  On  re-admitting  the  air  into  the  reeeiver, 
the  gas  is  again  condensed  into  a  liquid. 

It  ia  evidenthr  unnecessarr  that  a  liquid  should  boil  w  tant<K  in  order  to  be  con- 
Tcrtt^  into  vapour ;  ^  all  liquids  havi\  in  liact,  at  every  temperature,  a  tendency  to 
assume  the  state  of  gww  and  several  whii^h  exhibit,  at  the  common  temperature  of  the 
atmospheres  no  appoarance  of  cbulUtioa,  aro  noverthdess  convertible  into  vapour^  at 
that  temperature,  under  an  cxlMustcil  receiver.  The  quantity  of  vapour,  produced  w 
¥actti\  vari^^  with  the  space^  the  teoaperaturey  and  the  nature  of  the  liquid.  Istlj,  It  is 
pjV(vrtional  to  the  space,  tor  a  double  space  gives  occasion  to  the  formation  of  a  double 
quantity  of  vapour ;  and  if  a  given  volume  of  vapour  be  mechanically  compressed  into 
hadf  its  bulk,  one  half  will  be  re-converted  into  water.    2&dly»  It  incretMS  with  the 
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temperatorey  but  in  a  greater  proportion.  3rdly,  It  la  dificrent  for  different  liquidi ;  and 
it  may  be  obaerred  that  liquids  which  enter  moat  easily  into  ebullition  are  generally, 
tliough  with  some  exceptions,  those  which,  at  a  given  temperature,  afford  the  densest 
yapQur.  Thus  the  yapour  of  ether  is  more  dense  than  that  of  water.  The  caloric 
required  to  produce  this  sort  of  evaporation,  which  may  be  called  spontaneous^  in  order 
to  distinguish  it  froim.  that  produced  by  obvious  sources  of  heat,  is  supplied  in  the  first 
instance  by  the  liquid  itself^  the  temperature  of  which  is  at  first  observed  to  fall,  and 
is  afterwarda  reatored  by  the  influx  of  heat  from  surrounding  bodies. 

Spontaneous  evaporation  goes  on,  also,  from  the  surface  of  liquids  exposed  to  the 
atmosphere,  and  a  quantity  of  vapour  is  produced  which,  from  the  same  liquid,  is 
dsteimined  by  the  pressure  and  the  temperature.  If  to  a  given  volume  of  dry  atmo- 
spheric air,  confined  over  mercury,  wo  admit  a  small  quantity  of  water,  the  volume  of 
the  air  is  increaaed  by  the  admixture  of  aqueous  vapour.  Substituting,  at  the  same 
tamporature  and  presiurc,  any  other  gas  for  atmospheric  air,  an  expansion  is  produced 
to  precisely  the  same  amoimt ;  and  it  is  remarkable  that  the  quantity  and  force  of 
Tiq^ur,  in  a  given  volume  of  air  or  of  gas  of  extreme  moisture,  is  precisely  the  same 
IS  in  a  Torrieellian  vaouum  of  like  volume.*  These  facts  show,  as  will  afterwards  more 
fully  appear,  that  spontaneous  evaporation  is  entirely  independent  of  any  afi^ty  of 
air  lor  water,  and  is  to  be  explained  entirely  by  the  general  laws  regulating  the  pro- 
dnction  and  force  of  vapour. 

.  Y.  By  coruidirabbf  inertanng  the  pressure^  water  may  U  heated  to  above  400''  Fah. 
wUkout  being  ehany«l  into  vapour, — This  experiment  requires,  for  its  performance, 
Ftqnn^s  diyester,  which  is  merely  a  strong  vessel  of  iron,  or  any  other  tenacious  metal, 
the  lid  of  which  is  firmly  screwed  down,  after  introducing  the  fluid  which  is  to  be 
heated.  To  prevent  the  vessel  from  being  burst,  its  lid  is  provided  with  a  safety  valve, 
vhich  may  be  loaded  with  any  weight  that  may  be  thought  necessary  and  prudent. 
That  .the  boiling  point  of  watsr,  and  the  temperature  of  steam,  are  raised  by  an 
increased  pressure,  may  be  equally  well  shown  by  means  of  the  small  boiler,  repre-'' 
sented  at  page  153,  which  will  be  found  extremely  useful  in  experiments  on  this 
subject. 

On  the  cock  e  may  be  screwed,  occasionally,  a  valve,  loaded  in  the  proportion  of 
14  pounds  to  the  square  inch ;  or  a  gauge  adapted  to  show  the  density  of  the  steam, 
by  the  diminution  of  volume  in  a  confined  portion  of  air,  which  will  occupy  a  bulk 
inversely  proportionate  to  the  compressing  force  (see  Fig.  p.  153,/.)  The  boiler  being 
rather  more  than  half  filled  with  water,  and  the  perforated  cap,  <f,  being  screwed  into 
its  place,  the  baU  of  the  thermometer  will  be  an  inch  or  more  above  the  surface  of  the 
water,  and  will  indicate  its  temperature,  as  well  as  that  of  the  steam,  both  being, 
necessarily,  in  all  cases,  precisely  the  same.  Allowing  the  steam  to  escape  through  the 
cock  e,  before  affixing  the  valve,  the  temperature  of  the  steam,  under  a  mean  atmo- 
spheric pressure,  will  be  212''.  "When  an  additional  atmosphere  is  added  by  the 
weighted  valve,  it  will  rise  to  250° ;  by  a  valve  twice  as  heavy  as  the  first,  or  loaded 
in  the  proportion  of  42  pounds  to  the  square  inch  (  =  three  atmospheres),  the  tem- 
peratore  of  the  steam  will  be  raised  to  more  than  270'".  This  is  as  fiir  as  it  is  safe  to 
carry  the  experiment. 

An  apparatus  adapted  to  the  same  purposes  has  been  contrived,  also,  by  Br.  Marcet, 
and  may  be  procured  from  the  makers  of  philosophical  instruments  in  London.    It  ^ 
consists  of  two  hemispheres  (see  the  figure),  generally  of  l)rass,  which  are  fixed  together 

♦  "Daltoa^s  New  Syrteai,"  p.  IM.  \^ 
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hj  flanches  and  screws. 


At  the  upper  part  are  three  openings,  into  one  of  which 
a  cock  may  he  screwed;  into  the  other  a  thermometer, 
graduated  to  250**,  or  upwards ;  and  into  the  central  one  u 
fixed  a  long  glass  tuhe,  open  at  both  ends,  and  reaching  to 
within  about  one-eighth  of  an  inch  of  the  bottom  of  the 
boiler.  When  the  apparatus  is  used,  mercury  sufficient  to 
fill  the  tube  is  first  put  into  the  yessel,  and'  oyer  this  a 
quantity  of  water  sufficient  to  occupy  about  half  its  capa- 
city is  poured,  and  the  cock  being  shut,  the  heat  of  a  spirit 
lamp,  with  three  or  four  wicks,  is  applied.  With  this 
boiler,  precisely  the  same  experiments  may  be  made  as 
with  that  which  I  have  already  described,  the  only  differ- 
ence being  in  its  form,  and  in  the  gauge  for  measuring  the 
force  of  the  steam  •  which  is  generated ;  for  this,  by  its 
pressure,  drives  the  mercury  up  the  tube,  and  by  the 
height  of  the  column  exhibits  in  a  more  striking  mamia 
the  correspondence  between  the  elasticity  of  the  steam  and 
its  temperature. 

The  elasticity  of  the  vapour  of  water  from  32*  to  212' 
Fah.  had  been  experimentally  determined  by  Mr.  Dalton, 
who,  from  his  results,  had  calculated  its  force  at  tempera- 
tures above  the  ordinary  boiling  point.  It  was  still, 
however,  desirable  to  ascertain,  by  actual  experiment,  the 
elastic  force  of  vapour  above  212°,  and  this  has  been 
attempted  by  Professor  Eobinson,  Mr.  Southern,  and  Dr. 
Ure.  Mr.  Southern's  experiments  were  made  many  yean 
ago,  but  were  first  published  in  Dr.  Brewster's  edition  of 
Professor  Eobinson's  works.  The  following  table  expresses  the  elasticity  of  aqueous 
vapour  according  to  his  experiments,  under  one,  two,  four,  and  eight  atmospheres :— 


Atmospheres 

Pressure  in  inches 
of  Mercury. 

Temperatures 

1 

.      29-8    . 

.     212-° 

H 

.       44-7     .         . 

.     234- 

2 

.       59-6     . 

.    250-3 

H 

.       74-5     .         . 

.     264-2 

3 

.      89-4     . 

.         .     275- 

H 

.     104-3     . 

.     285-3 

4 

.     119-2     . 

.    293-4 

4i 

.     134-1     . 

.     302- 

5 

.     149-      . 

.     309-2 

5i 

163-9     . 

.     316-4 

6 

.     178-8     . 

.     322-7 

61 

193-7    . 

.     328-5 

7      . 

208-6     . 

.     334-4 

74    . 

223-5     . 

.     339-3 

8      . 

.^^_A 

238-4     . 

.    343-6 

1..-. ^v* 1   m.^ 

Br.  lire's  experiments  were  published  in  the  "Philosophical  Transactions"  for 
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IBIS*  Bj  Fefer^mse  to  hm  rcaulta^  it  will  be  8<xjii  ttat  between  32*  and  212'',  aa 
olmofit  exact  coincidenca  ma^^  be  observed  between  the  cxp<^rimfAti  of  Dt^ton 
and  of  Ure ;  but  tbit  oeasca  above  the  boOing  pomt  o£  w&tcr|  foi-  UiDra  Mr.  DiidtoQ^a 
numbers  wero  oticulated  on  the  preaumptii>n  that  tho  saino  law  of  pi^gTBmon 
obtains  ia.  tbe  higher  08  la  Uio  lower  ran^Sf  wixiidi  dots  not  oppuii  to  be  corrcctlf 
th^  fhcL 

Dr,  Urc  bas  c^amincJf  alao,  tlio  eloBtit;  force$  of  the  vapours  of  olcobol,  etba',  oH  of 
tQipeaimo,  and  naphtUa,  and  baa  ozbibited  tbe  remits  in  the  form  of  a  table*  To  tbc 
opmments  on  t^tller  it  hoA^  bo  waver,  been  objected  by  Mr.  Dal  ton  tbat  they  were 
nmd^  qn  that  fluid  in  an  impure  etatet  a«  is  evidt^ut  from  iti  boiling  point,  whieb 
Br*  Ure  Btatos  at  lOI^  or  106'' ;  M'bcroos  the  point  at  which  pure  ether  botk,  under  tho 
p(rGftiurG  of  tlio  atuiospharo,  if  96^  Fob.  Mr.  Dalton  baap  thorefoi^,  from  hli  own 
expcrimetitjSi  couatrueted  a  freib  lable. 

YL  77i^  detisitjf  of  itittm  is  n^^Hy,  \f  nat  aeem-aUl^f  pfopGrtimitd  ie  Us  elmticiftf  f  at 
feast  tbiB  tnaj  b^  afB.nned  of  it  within  the  limits  of  Mr«  Sou  them's  cxperLmcuts,  which 
eiteoded  to  steam  fomtod  under  a  pree&urc  of  120  inehee  of  mercury,  or  of  four 
ilmp^plierieg.  Thus  siuam  of  elasticity  =^40  inches  of  mercury  required  r4^0  cubio 
iiiehea  of  water  to  form  each  cubic  foot  of  steam ;  vapour  of  SO  inchas  required  2'9+0 
Eubio  inehaa  of  water ;  and  vapour  s=  120  inches  force  rcquircil  fer  each  cubic  foot 
4*27&  cubic  inches  of  water.  The  elasticitiea,  therefore,  and  the  quantities  of  water  in 
theae  experimenta,  have  the  lame  common  multiple  ;  in  otbcr  words,  steam  of  double, 
^ple,  &Cj  elastic  force  contaiaae,  \n  an  equal  volumcj  twice,  thrice,  &c.,  the  weight  of 
irater, 

VII.  The  fir^  of  vapour  f ram  diftnui  Iti^uidt  variti  oiihe  sti^re  Utnptratme. — This 
is  best  diown  by  tbe  following  elegant  contriraneo  of  Mr*  Dalton  : — Talte  a  barometer 
tube,  perfectly  dry,  and  Ml  it  with 
mcECory  just  boiled,  snarking  the  place 
vhere  it  is  stationary  j  then,  having 
graduated  tho  tube  Into  inches  and 
tenths,  pour  a  Ettio  ether,  water,  nr  any 
otiier  liquid  the  subject  of  expenment, 
lato  it,  EO  as  to  moisten  tbe  i^bolo 
inside*  After  this,  again  pour  in  mer- 
liury,  and  invert  the  tube,  carefully 
excluding  air*  The  barometer,  by 
Btandiug  some  time^  will  exhibit  a 
portion  of  the  Liquid  employed,  of  one- 
{^ghth  or  one-tentb  of  an  inch,  upon 
the  top  of  tbe  mercurial  columti,  be* 
cause,  being  lighter,  it  osecods  by  tho 
aide  of  tho  tube,  which  may  now  ho 
iadincd,  and  tbe  mercury  will  rise  to 
tbe  top,  manifesting  a  perfect  vacuum 
from  air.  "When  the  ordinary  baro- 
meter IB  at  the  mean  height  (29^8), 
and  the  thermometer  at  50%  tbe  foroe  of 

vapour  in  the  ether  barometer  wiU  dcprcfla  the  mercury  nearly  10  inchea  ;  of  sulplinret 
of  carbon  about  8^  inches  •  that  of  alcohol  about  an  inch ;  and  that  of  water  only  about 
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0*4  ihch,  shoving  that  the  force  of  vapour  from  each  liquid  in  a  vacuum  is  proportiofnate 
to  its  evaporability. 

Exposing  vaxKmr  thus  confined  to  higher  and  lower  temperatures  than  that  of  tiie 
atmosphere,  Mr.  Dalton  determined  ihat  the  variatum  of  the  force  of  vapour  from  till 
liquids  it  the  tame  for  the  same  variation  of  temperaturey  reckoning  from  vapour  ofawf 
given  force.  Thus,  assuming  a  force  equal  to  30  inches  of  mercury  as  the  standard-^^at 
being  4he  force  of  any  liquid  boiling  in  the  open  air*— we  find  aqueous  vapour  loses  half 
its  force  by  a  diminution  of  30°  of  temperature.  So,  also,  does  the  vapour  of  any  other 
liquid  lose  half  its  force  by  diminishing  its  temperature  80°  below  that  at  which  it 
boils,  and  the  like  for  any  other  increment  or  decrement  of  heat.  This  position  Mr. 
Dalton  established  by  a  train  of  satisfactory  experiments. 

VIII.  The  latent  heat  of  the  vapours  ofjluidsj  though  constant  for  vapour  of  the  same 
kind,  and  of  a  given  elasticity ,  differs  in  different  vapours. 

The  latent  heat  of  the  vapours  of  different  liquids  has  been  investigated  by  Dr.  TJrc 
and  by  M.  Despretz.  The  method  employed  by  both  was  to  distil  off  a  known  quantity 
of  each  liquid,  and  to  observe  the  temperature  gained  by  the  water  employed  to  con- 
dense its  vapour.     From  the  results,  Dr.  ITre  has  constructed  the  following  table*  :-— 


GENEHAL  TAfiLE  OP  LATENT  HEAT  OP  VAPOURS. 

Vapour  of  water  at  its  boiling  point 

alcohol  (sp.  gr.  0-825)        .        ,  .        . 
sulph.  ether  (boiling  point  104") 

petroleum         .         .        .        »  . 

oil  of  turpentine  (do.  about  310°)  , 

nitric  acid  (sp.  gr.  1*494,  boiled  at  165°)    • 
liquid  ammonia  (ip.  gr.  0*978) 

vinegar  (sp.  gr.  1*007)        .        •  .        . 


1000 
457  . 
31^*9 
183*2 
183*8 
550- 
865-9 
905 


vUe  loUowing  ntcmbers  insult  tcttb.  the  experiments  of  M.  Despretzf : 


Vapour  of  water 

„        alcohol  (sp.  gr.  '793)  . 

„        ether  (sp.  gi*.  *715) 

„        oil  of  turp.  (sp.  gr.  -872) 


955°-8 
373''-86 
163'**44 
138°*24 


\JL.  T/^e  absorpiion  ofcalortCj  during  evapotation^  shown  by  »  very  simple  experiment,-' 
Moisten  a  thermometer  with  alcohol,  or  with  ether,  and  expose  it  to  the  air, 
repeating  these  operatians  alternately.  The  mercury  of  the  thermometer  will  sink  at 
each  esposuie,  because  the  volatile  liquor,  during  the  evaporation,  robs  it  of  its  heat. 
In  this  way  (especially  with  the  aid  of  an  apparatus  described  by  Mr.  Gavallo  in  the 
"  Philosophical  Transactions,"  1781,  p.  509)  water  may  be  froeen  in  a  thin  and  small 
glass  ball  by  means  of  other.  The  same  effect  may  be  obtained,  also,  by  immersing  a 
tubfc,  containing  water  at  the  bottom,  in  a  glass  partly  filled  with  ether,  which  is  to  be 
placed  under  the  receiver  df  an  air-pump ;  or  the  ether  may  be  allowed  to  float  on  the 
surface  of  the  water.  During  the  exhaustion  of  the  vessel,  the  ether  will  evaporate 
rapidly ;  and,  robbing  the  water  of  heat,  will  completely  freeze  it ;  thus  exhibiting  the 


•Diet,  of  Chemtatrr,"  pajre  289. 


t  "  Ann.  dc  Chim.  et  de  Phy»."  xsiv.  329. 
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•i9S«^  ipaotaol»  of  two  ibiidi  ia  oontaot  with  oack  othor,  ono  of  whadi  ii  lA  tlM  tot  itf 
Iwiluig,  aad  the  other  of  freezing,  tt  the  saino  moment. 

By  s  littlo  modifieatioa  of  the  expeiimient,  mercury  itielf;  which  requires  for  coDr 
gelttion  A  temperature  of  almost  40°  below  0  of  Fahrenheit,  may  be  frQBen,Ba  waa  lint 
idiown  by  Dr.  M azeet^  ▲  eonioal  leceirer,  open 
at  the  top,  is  placed  on  the  plate  of  an  air«>pump, 
and  a  small  tube,  with  a  cylindrical  bulb  at  its 
lowtf  end,  containing  mercury,  is  suspended  within 
the  reoatTer,  throuf^  the  aperture,  by  means  of  a 
brass  plate,  perforated  in  its  contre,  and  fitting  the 
reeeiv^r  air-tight,  when  laid  upon  its  open  neck. 
fh»  tniw  paases  through  this  plate,  to  which  it  is 
Itted  by  a  leather  adjustment,  or  simply  by  a  cork 
ttcnnd  with  sealing-wax.  The  bolb  is  then 
vrapped  up  in  a  little  cotton  wool,  er,  what  is 
ktter,  in  a  smaU  bag  of  iino  fleecy  hosiery,  in 
vhich  a  small  spirit  thermometot,  graduated  below 
4(P  Feb.,  may  also  be  included ;  and,  after  being 
dipped  into  aulphorct  of  carbon  or  ether,  the 
apparatus  is  quickly  placed  under  the  receiver, 
winch  is  exhausted  as  rapidly  as  poasible.f  In 
ivo  or  three  minutes  the  temperature  sinks  to 
aboot  i5'  bdxrr  0,  at  which  moment  the  quick* 
lilYsr  in  the  stem  suddenly  descends  with  great  ^ 
r^ldity.  If  it  be  desired  to  exhibit  the  mercury 
ia  a  solid  state,  common  tubes  may  be  used,  whioh 
Jiaire  originally  been  about  an  inch  in  diameter,  but 
hare  been  flattened  by  pressnre,  when  softened  by 
the  blow^pipe.  The  experiment  succeeds  when  tho  temperature  of  the  ] 
83+40'*  Fahrenheit 

X.  I^iJkMsiim  •/  e^bric  m  wnitr^  by  Us  eonwrsion  into  tt$mm,  map  b$  §koum  by  tke 
f9U9wmg  eseperiuumU : — 1.  Let  a  pound  of  water  at  212°,  and  eight  pounds  of  inm 
filings  at  300°,  be  suddenly  mixed  together.  X  large  quantity  of  vapour  will  he 
iastanHy  generated ;  and  the  lemperature  of  the  mixture  will  be  only  212° ;  but  that 
of  the  vapour  produced  is  also  not  more  than  212° ;  and  the  steam  must  thetsefiare 
contain,  in  a  latent  or  combined  form,  all  the  caloric  which  raised  the  temperature  of 
(ag^  pounds  of  iron  filings  from  212°  to  300°. 

2.  When  a  quantity  ci  water  is  heated  several  degrees  above  the  boiling  point  in  a 
close  vessel,  and  a  cock  is  then  suddenly  opened,  the  steam  rushes  out  with  prodigions 
noise  and  violende,  and  the  heat  of  the  water  is  reduced  in  thnee  or  four  seconds  tO  the 
hailing  temperature.  Tho  water,  however,  constituting  the  steam  which  has  escaped, 
amounts  to  only  a  very  trifling  quantity,  and  yet  it  has  been  sufficient  to  carry  off  the 

\  vhola  excess  of  heat  from  the  water  in  the  digester. 

3.  The  quantity  of  caloric,  which  becomes  latent  during  the  formation  of  steam, 
1  may  be  approximated,  by  repeating  the  following  experiment  of  Dr.  Black*    Jle  placed 

I       t  In  exhausting  a  vessel  containing  cither  of  these  fluids,  tho  valves  of  the  air-pump  mttst  be 

\  metallic. 
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two  cylindrical  flat-bottomed  vessels  of  tin,  five  inches  in  diameter,  and  containing  a 
small  quantity  of  water  at  SO*",  on  a  red-hot  iron  plate,  of  the  kind  used  in  kitchens. 
In  four  minutes  the  water  began  to  boil,  and  in  twenty  minutes  the  whole  was  boiled 
away.  In  four  minutes,  therefore,  the  water  received  162'  of  temperature,  or  40^*'  in 
each  minute.  If  we  suppose,  therefore,  that  the  heat  continues  to  enter  the  water  at 
the  same  rate,  during  the  whole  ebullition,  we  must  conclude  that  40i°  X  20  =  810° 
have  entered  the  water,  and  are  contained  in  the  vaipour. 

It  has  been  found  by  experiment  that  76  pounds  of  Newcastle  coal,  or  100  pounds 
of  coal  of  medium  quality,  applied  in  the  best  manner,  are  required  for  the  evaporiza- 
tion  of  12  cubic  feet,  or  about  89|  wine  gallons  of  water.  In  practice,  a  pound  of  coal, 
on  the  average,  may  be  considered  as  equivalent  to  convert  a  gallon  (=  8  pounds 
avoirdupois)  of  water  into  vapour.  "Wood  charcoal,  by  combustion,  is  capable  of 
melting  94  times  its  weight  of  ice,  and  of  evaporating  13  times  its  weight  of  water, 
previously  at  32°  Fah.  Peat  of  the  best  quality,  when  properly  applied,  evaporates  10 
times  its  weight  of  water,  but,  as  commonly  used,  only  4  or  5  times.  Even  with  the 
assistance  of  heated  air,  only  six  times  its  weight  can  be  evaporated,  though  Curaudau 
states  that  he  evaporated  25  times  its  weight.*  From  evidence  given  before  the 
House  of  Commons  on  the  Gas  Light  Bill,  17  J  pounds  of  good  London  coke  appear  to 
be  capable  of  raising  from  66  to  70  pounds  of  water  into  vapour,  or  about  4  times  their 
weight,  t 

XI,  Water ^  by  conversion  into  steanty  has  its  btdh  prodigiously  enlarged^  viz.,  aeeording 
to  Mr,  Watfs  experiments^  about  1800  timeSf  or^  according  to  Gay  Lussae,  only  1698  tinui, 
— A  cubic  inch  of  water  (or  252  grains)  occupies,  therefore,  when  converted  into  steam, 
of  temperature  212%  and  force  equal  to  30  inches  of  mercury,  the  space  of  nearly  a 
cubic  foot.  The  specific  gravity  of  aqueous  vapour  under  the  ordinary  pressure  of  the 
air,  is  to  that  of  perfectly  dry  air,  taking  Gay  Lussac's  data,  as  10  to  16,  or  0*62349  to 
1.  The  specific  gravity  which  it  ought  to  have  from  theory  is  0*620,  for  this  should 
result  from  condensing,  into  two  volumes,  two  volumes  of  hydrogen  gas,  sp.  gr.  ,0*0688, 
and  one  volume  of  oxygen  gas,  sp.  gr.  1*1025.  The  experimental  result  of  Gay  Lussac 
was  obtained  by  comparing  air  and  steam  at  the  common  temperature  of  212"  Fah.| 
But  as  all  gases  and  vapours  are  expanded  or  contracted  to  the  sanie  amount  by  equal 
variations  of  temperature,  it  must  be  obvious  that  the  same  relation  will  continue 
between  air  and  aqueous  vapour  at  all  other  degrees  of  heat,  provided  both  ar^sub- 
jected  to  a  common  temperature  and  pressure.  Steam,  therefore,  when  once  formed, 
derives  no  greater  increase  of  elastic  force,  by  raising  its  temperature,  than  air ;  and 
no  danger  can  arise  from  heating  a  confined  portion  of  steam,  provided  the  vessel 
contains  no  water,  fi^m  which  fresh  steam  might  be  generated.  In  that  case,  its 
volume  (and  if  not  sufiered  to  expand  its  elasticity)  is  increased  about  one-tenth  of  the 
original  amount,  by  every  addition  of  about  50''  Fah. 

XII.  On  the  contraryy  vapoursy  during  their  conversion  into  a  liquid  formy  evolve^  or 
give  outy  much  caloric. — The  heat  given  out  by  the  condensation  of  steam,  is  rendered 
apparent  by  the  following  experiment :— Mix  100' gallons  of  water  at  50°  with  1  gallon 
of  water  at  212** ;  the  temperature  of  the  water  will  be  raised  about  1^°.  Condense, 
by  a  common  still- tub,  1  gallon  of  water,  from  the  state  of  steam,  by  100  gallons  of 

•  79  "  Ann.  Ch."  86. 

t  See  also  Count  Rumford*8  "Researches  on  the  Heat  developed  in  Combustion."  Phil.  Mag. 
xli.  xlii.  and  xliii. 

X  "  Ann.  de  Chira.  ct  de  Phys.,"  ii.  135. 
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water,  at  the  temperature  of  60^  The  water  will  be  raised  11°.  Hence,  1  gallon  of 
irater,  condensed  from  tteam,  raises  the  temperature  of  100  gallons  of  cold  water  9^'* 
more  than  1  gallon  of  boiling  water ;  and,  by  an  easy  calculation,  it  appears  that  the 
caloric  imparted. to  100  gallons  of  cold  water  by  8  pounds  of  steam,  if  it  could  be  con- 
densed in  1  gallon  of  water,  would  raise  it  to  950**  ;*  and  I  gkUon  of  water  converted 
into  steam  of  ordinary  density,  contains  as  much  heat  as  would  bring  6^  gallons  of 
ice-cold  water  to  the  boiling  point.  The  quantity  of  ice,  which  is  melted  by  steam  of 
mean  density,  is  invariably  7^  times  the  weight  of  the  steam. 

For  exhibiting  the  latent  heat  of  steam,  by  means  of  a  small  apparatus,  which  may 
be  placed  on  a  table,  and  with  the  assistance  only  of  a  lamp,  the  boiler  represented  in 
the  annexed  woodcut  will  be  found  extremely  well  adapted.    The  right  angled  pipe  $ 


must  be  screwed,  however,  into  its  place,  and  must  be  made  to  terminate  at  the  bottom 
of  a  jar,  containing  a  known  quantity  of  water  of  a  given  temperature.  This  con- 
ducting pipe  and  the  jar  should  be  wrapped  round  with  a  few  folds  of  flannel.  The 
apparatus  being  thus  disposed,  let  the  water  in  the  boiler  be  heated  by  an  Argand's 
lamp,  with  double  concentric  wicks.  Or  any  other  convenient  source  of  heat,  till  steam 
issues  in  considerable  quantity  through  the  cock  c,  which  is  then  to  be  closed.  The 
steam  will  now  pass  through  the  right  angled  pipe  into  the  water  contained  in  the  jar, 
which  will  condense  the  steam,  and  will  have  its  temperature  very  considerably  raised. 
Ascertain  the  augmentation  of  temperature  and  weight ;  and  the  result  will  show  how 
much  a  given  weight  of  water  has  had  its  temperature  raised  by  a  certain  weight  of 
condensed  steam.  To  another  quantity  of  water,  equal  in  weight  and  temperature  to 
that  contained  in  the  jar  at  the  outset  of  the  experiment,  add  a  quantity  of  water  at 
212**,  equal  in  weight  to  the  condensed  steam ;  it  will  be  found,  on  comparison  of  the 
•  "  B!ack»8  Lectures,"  1. 169. 


154  LATENT  BEAT* 


two  remdUng  temperaturef,  that  a  tpren  weight  of  etMcm.  haa  prodoaad,  hj  itt  condiar 
latiaii,  a  much  greater  eleratioB  0/  temperature,  thaa  the  Mme  quantity  oC  boiling 
water.  Thia  will  be  better  undeortood  by  the  following  «xam^,  taken  from  aetmiil 
experiment. 

Into  eight  ounces  of  water,  at  50^  Fab.,  contained  «a  the  ghws  jar,  /,  ateam  waa  paaMi 
from  the  boiler,  till  tho  temperatnre  of  the  water  in  the  jar  rote  to  173°.  On  weighiag 
the  water,  it  was  found  to  have  gained  8^  drachm^ ;  that  Jb,  precisely  S|  dffa^msx)f 
Htoam  liad  b(;cn  condensed,  and  had  imparted  its  heat  to  the  water.  To  faailitate  the 
explanation  of  this  experiment,  it  jm  necessary  to  promise  the  following  remarhs^ 

To  measure  the  whole  quantities  of  calorie  contained  in  difforent  bodies,  ia  a  pifobliii 
in  chemistry  which  has  not  yet  been  solved.  But  the  quantities  of  caloric  sMdided  to^ 
or  subtracted  from,  ditfercnt  bodies  (setting  out  from  a  given  temperature)  may,  in 
nuiny  (lascg,  bo  measured  an<l  compared  with  considerable  accuracy.  Thus  if,  as  has 
boon  already  stated,  2  pounds  of  water  at  120'*  bo  mixed  with  2  pounds  at  60%  half  the 
excess  of  caloric  in  tho  hot  water  will  pass  to  the  colder  portion ;  that  is,  the  hot  water 
will  bo  cooled  30',  and  the  cold  will  receive  30°  of  temperature ;  and,  if  the  experiment 
1)0  conducted  with  i)ropcr  i)rccautions,  90"*,  tho  arithmetical  mean  of  tho  temperature  of 
tlio  separate  parts,  will  be  the  temperature  of  the  mixture.  If  3  pounds  of  water  at  100° 
bo  mixed  with  1  pound  at  60",  we  shall  have  the  same  quantity  of  heat  as  before,  v«., 
4  pounds  at  00".  Hence,  if  tbo  quantity  of  water  be  multiplied  by  the  temperature, 
tho  product  will  bo  a  comparative  measure  of  the  quantity  of  calorie  which  the  water 
contains,  exceeding  the  zero  of  tho  thermometer  employed. 

Thus,  in  the  last  example, 

3  X  100  =  300j=:  the  caloric  above  zero  in  the  first  portion. 
1  X    00  ss    60  =  tho  caloric  above  zero  in  the  aecond  ditto. 

Tho  sum,  360  :&.  the  caloric  above  zero  in  tho  ntixtiure. 
Dividing  360  by  4,  the  >vhole  quantity  of  water,  wo  obtaf»  90"^  the  temperatuns  of  the 
mixture. 

This  method  of  computation  may  be  conveniently  aygjied  to  a  variety  oC  cases. 
Thus,  iu  tho  foregoing  experiment,  Bi  drachms  of  steam  «t  2 12°,  added  to  M  itrachms 
of  water  at  50°,  produced  72i  drachms  of  water  at  173°.    Haw, 
72.V  X  17^  =  125421  =  whole  heat  of  the  mixture. 
64    X    50  =    3200  =  heat  of  64  drachms,  one  of  the  component  parts. 

9842|  =  heat  of  8.V  drachms,  the  oUicr  component  part. 

Therefore  9342 J  divided  by  SJ  =  1099,  should  have  been  the  temperature  of  the 
latter  portion  (re.  8^  drachms),  had  none  of  its  heat  been  latent ;  and  1099  —  212  =  B91 
gives  the  latent  heat  of  tho  steam.  This  result  does  not  differ  more  than  might  be  i 
expeettMl,  owing  to  the  unavoidable  inaccuracies  of  the  experiment,  from  Mr.  Watf  s 
determination,  which  states  the  latent  heat  of  steam,  on  an  average  of  nine  experiments, 
at  940*9*,  say  OSO"*.*  Lavoisier,  with  tho  aid  of  the  calorimeter,  makes  it  1000*,  or  a 
littlo  nu)rt>  ;t  Mr.  Southern,  945  ;  and  Dr.  Urc,  967. 

XI  n.   77<c  sawt  tceiyht  of  steam  contiumfy  xchuterer  may  dc  tis  dtnisiff/^  (nearly)  the  same 

qtiivtiiif/  ofciiltjric;  its  Utttnt  heat  being  incnasedy  (nearly)  in  pfT'yorfioji  as  its  sensible  heat 

is  iiiminisked  ;  and  the  reverse. ^Thokt  portion  of  the  statement  which  appears  in  italics, 

is  commonly  known  as  Jfatfs  late,    Keccnt  investigations  have  demonstrated  that  it  is 

•  "  Blact's  Lecture*,**  i.»  174,  and  **  Letter  to  Dv.  Brewster/'  p.  7,  n.  ♦  Ibid.  i.  IT5. 
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slightly  incorreot,  and  must  now  be  roociTad,  in  a  philosophical  sense,  as  limited  in 
the  text.  For  all  practical  purposes,  however,  the  original  law  of  Watt  may  be  con- 
sidered as  unafl&ctod.*  'This  principle,  though  scarcely  admitting  of  illustration  by  an 
easy  experiment,  is  ono.5f  considerable  importance ;  and  an  ignorance  of  it  has  been 
the  occasion  of  many  fruitless  attempts  to  improve  the  economy  of  fuel  in  the  steam- 
engine.  The  fkct,  wofatta  respects  steam  of  lower  density  than  that  of  thirty  inches 
of  mercury,  was  long  ago  determined  experimentally  by  Mr.  "Wattf  As  the  boiling 
point  of  liquids  is  known  to  be  considerably  reduced  by  a  diminished  pressure,  it  seemed 
reasonaible  to  suppose  that,  under  these  circumstances,  steam  might  be  obtained  firom 
them  with  a  less  expenditure  of  fuel.  Water,  Mr.  Watt  found,  might  easily  be  distilled 
ts  vaem  when  at  the  temperature  of  only  70°  Fahrenheit.  But,  by  condensing  steam 
fixrmed  at  this  temperature,  and  observing  the  quantity  of  heat  which  it  communicated  to 
tgiven  weight  of  water,  he  determined  that  its  latent  heat,  instead  of  being  only  9d5^, 
vas  between  120<f  and  1300\ 

The  same  principle  may  bo  explained  also  by  the  following  illustration,  which 
VBS  suggested  by  Mr.  Ewart.  Let  us  suppose  that  in  a  cylinder,  famished  with  a 
piston,  we  have  a  certain  quantity  of  steam,  and  that  it  is  suddenly  compressed,  by  a 
stroke  of  the  piston,  into  half  its  bulk.  None  of  the  steam  will  in  this  case  be  con- 
densed ;  but  it  will  acquire  double  elasticity,  and  its  tcmjiorature  will  be  considerably 
increased.  Now,  if  wo  either  suppose  the  cylinder  incapable  of  transmitting  heat,  or 
take  the  moment  instantly  following  the  compression  before  any  heat  has  hod  time  to 
flicape,  it  must  be  evident  that  the  sensible  and  latent  heat  of  steam,  taken  together 
before  compression,  are  precisely  equal  to  the  sensible  and  latent  heat  taken  together  of 
&e  denser  steam.  But  in  the  dense  steam  the  sensible  heat  is  increased,  and  the  latent 
lieat  proportionally  diminished.  Reversing  this  imaginary  experiment,  if  we  suppose 
only  half  the  cylinder  to  contain  steam  at  212**,  and  the  piston  to  be  suddenly  raised  to 
tke  top  of  the  cylinder,  the  steam  will  be  expanded  to  twice  its  volume,  its  temperature 
viQ  fall,  but  its  sensible  and  latent  heat  taken  together  wHl  still  remain  unchanged. 
The  explanation  of  these  facts  will  be  furnished  by  a  principle  to  be  hereafter  explained, 
viz..,  that  the  capacities  of  elastic  fluids  for  caloric  are  uniformly  diminished  by  increas- 
ing their  density,  and  the  reverse. 

Direct  experiments  to  ascertain  the  latent  heat  of  steam,  formed  under  higher 
pressures  than  that  of  the  atmosphere,  have  been  made  by  Mr.  Southern,  of  Soho,  and 
by  Mr.  Sliarpe,  then  of  Manchester.t  Those  of  the  latter  were  first  published,  and 
were  to  lim  quite  original.  They  were  conceived  and  executed  very  ably,  but  were 
subsequent,  in  x)oint  of  time,  to  the  experiments  of  Mr.  Southern,  which,  though  only 
lately  made  public,  §  were  instituted  many  years  ago.  The  latter  consisted  in  ascer- 
taining the  augmentation  of*  weight  and  increase  of  temperature,  gained  by  given  quan- 
tities of  wstei^  from  the  condensntion  of  known  volumes  of  aqueous  vapour  of  different 
densities.  The  results  presented  diiiciciic*. s  in  the  latent  heat  of  steam  of  different 
densities,  but  of  io  very  small  an  amount  us  to  arise  probably  from  unavoidable  sources 
of  error  in  manip«ilation.     The  following  table  exhibits  the  principal  results  obtained 

I  by  Mr.  Southern  :— 

I 

*  See  M.  RegaauU  on  «*  Relation  de«  Kspdrienees  enterprises  pour  determiner  les  Prineipiiles 
tow  et  tos  docn^cs  Num^riques  qui  entrant  dane  le  Calcul  des  Machines  tl  Vapear,"  Paris,  1847 ;  or 
2  translation  of  the  same  in  Vol.  I.  of  the  Works  of  the  Cavendish  Society. 
+  "  Black's  .Lectures,"  i.  190.  t  "  Manchester  Society's  Memoirs,"  Vol.  II.,  New  Series. 

\  Brewster's  I.tUtlon  of  Prof.  Kobinson's  Works. 
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Temperature  Elasticity  of  ditto  I^atent 

of  Steam.  in  inches  of  Mercury.  Ueat. 

229  ....      40        ...        .    942» 

270  ....       80         ...         .     942'* 

295  ....     120        ...        .    950» 

The  experiments  of  Mr.  Sbarpe,  and  also  a  recent  series  by  Clement  and  Desormes 
(of  which  an  abstract  is  given  in  tiie  Appendix  to  Thcnard's  '*  Traite  de  Chimie,"  vol  iy.) 
p.  202,  3me  edition),  and  more  recently  M.  Eegnault,  establish  the  same  general  law, 
at  least  within  certain  limits.  This  law  is  of  great  importance  in  practice,  since  it 
shows  that  no  essential  saving  of  fuel  can  be  reasonably  expected  from  using,  as  a 
moving  power,  steam  formed  under  high  pressures :  for  as  a  pound  of  steam,  of  whatever 
density,  gives  out  by  condensation  the  same  quantity  of  caloric,  it  is  obvious  that,  to  con- 
vert a  pound  of  water  into  steam,'  will  always  require  the  same  quantity  of  fuel,  applied 
under  equal  circumstances,  whatever  may  be  the  density  of  the  steam  which  is  produced. 
So  far,  indeed,  from  tending  to  economize  fuel,  it  seems  probable  that  the  higher  thd 
temperature  of  the  water  in  the  boiler,  the  greater  will  be  the  loss  of  heat  by  the  escape 
of  hot  air  through  the  chimney.  Nevertheless,  there  are  certain  cases  in  which  high- 
pressure  steam  may  be  applied  with  great  advantage  to  various  manufacturing  pro- 
cesses, as  a  means  of  communicating  heat,  when  the  temperature  is  required  to  exceed 
212"  Fah, 

A  remarkable  fact  has  been  observed  respecting  steam  of  great  elasticity,  vtz,,  that 
when  suffered  to  escape  suddenly  from  a  cock  or  small  aperture  in  the  boiler,  the  hand 
may  be  held  close  to  the  orifice  from  which  the  steam  is  issuing  violently,  without 
being  scalded  by  it,  though  every  one  knows  that  steam  of  ordinary  density  scalds 
severely  under  the  same  circumstances.  On  applying  a  thermometer  to  the  steam 
escaping  from  the  boiler,  its  temperature  is  found  to  be  considerably  reduced :  for 
instance,  steam,  which,  within  the  boiler,  was  at  290°  Fah.,  falls  suddenly  when  let 
out  to  160*.  That  it  should  fall  to  212"*  would  not  be  surprising,  since  that  is  the 
temperature  of  steam  under  the  ordinary  pressure  of  the  atmosphere ;  but  it  is  difficult 
to  conceive  why  it  should  descend  52°  below  212°.  Of  this  fact,  Mr.  Ewart  has  given 
an  ingenious,  and,  it  appears  to  me,  a  satisfactory  explanation,  founded  on  the  results 
of  experiments,  which  he  has  described  in  the  *^  Annals  of  Philosophy"  for  April  1829. 
He  supposes  that  the  particles  of  elastic  fluids  have  a  tendency,  when  they  are  forced 
near  to  each  other,  to  fly  asunder,  not  only  to  their  original  distance,  but  beyond  it. 
To  illustrate  this,  let  us  suppose  two  equal  balls  of  lead,  A  B,  to  be  connected  by  an 
elastic  steel  spring,  in  a  perfectly  neutral  state,  so  that  they  have  no  tendency  either  to 
collapse  or  expand.      Compress 


them  nearer  to  each  other,  as  C  ^^^    /\    /V     /\     ^^kn 

and  D,   and,    suddenly   setting  ^HVv       V    \/    vH^P 

fTiPTn    nt  lihorfv.    fliAV  will    annn_  ^^^  Y  V  Y  ^^^ 


them  at  liberty,  they  will  sepa- 
rate, not  merely  to  their  original 
distance,  but  beyond  it,  as  at  E 
and  F.  Now,  if  we  suppose  A  B 
to  represent  two  atoms  of  steam, 
of  air,  or  of  any  elastic  fluid, 
compressed  as  C  D,  and  suddenly 
liberated,  they  will,  by  the  com- 
bined action  of  their  elasticity  and  momentum,  separate  to  E  F,  or  thereabouts.    Thus 
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high-pressure  steam,  on  suddenly  taking  off  all  pressure  beyond  that  of  the  atmosphere, 
is  converted  into  low-pressure  steam,  and  its  temperature  foils,  in  consequence  of  the 
kw  which  connects  the  rarefaction  of  elastic  fluids  with  an  absorption  of  caloric.  It  is 
quite  in  accordance  with  this  theory  that  the  more  strongly  steam  is  compressed,  the 
more  dilated  and  the  colder  it  is  on  being  suddenly  released  from  pressure. 

XrV.  Oimvernon  of  Liquids  into  Vapourt  under  $trotig  Preaiure, — It  is  well  known 
that  by  means  of  a  Papin's  digester  we  are  enabled  to  raise  the  temperature  of  liquids 
considerably  above  the  points  at  which  they  boil  under  the  mean  pressure  of  the 
atmosphere ;  and  it  seemed  probable  that  tho  internal  pressure,  augmenting  with  the 
temperature,  must  effectually  prevent  the  total  volatilization  of  the  liquid,  especially  if 
the  space,  left  above  the  liquid,  is  not  of  a  certain  extent.  But  provided  a  sufficient 
space  is  allowed  for  the  generated  vapoui*,  it  appeared  to  M.  Cagniard  do  la  Tour,  a 
necessary  consequence  that  there  should  be  a  limit  beyond  which  these  liquids  ought, 
notwithstanding  the  pressure,  to  be  completely  volatilized ;  and  to  verify  this  opionion 
he  was  led  to  make  some  interesting  experiments. 

A  strong  glass  tube,  containing  about  two-fifths  its  capacity  of  alcohol,  sp.  gr.  *837, 
being  carefully  heated,  the  alcohol  continued  to  expand,  till,  after  having  attained 
nearly  double  its  original  volume,  it  was  converted  into  vapour  so  transparent,  that 
the  tube  appeared  completely  empty.  Allowing  it  to  cool,  the  alcohol  was  again  con- 
densed into  a  liquid.  When  the  proportion  of  alcohol  to  the  capacity  of  tho  tube  was 
increased,  the  consequence  was  the  bursting  of  the  tube.  Similar  results  were  obtained 
witii  nisiphtha  and  ether,  tho  latter  requiring  less  space  than  the  former  for  being  con- 
Ysrted  into  vai>our  without  breaking  the  tube ;  and  naphtha  less  space  than  alcohol. 
No  difference  was  occasioned  by  the  presence  of  atmospheric  air  in  the  tubos,  or  its 
exclusion  from  them,  except  that  the  ebullition  of  the  liquid  was  then  much  more 
moderate. 

The  same  success  did  not  attend  the  first  attempt  to  convert  water  into  vapour  ; 
for  when  a  tube,  about  one-third  filled  with  water,  was  similarly  heated,  it  burst  with 
an  explosion.  The  inner  surface  of  the  glass  tube  appeared  also  to  have  been  acted 
upon,  its  transparency  being  impaired. 

M.  de  la  Tour  afterwards  determined  the  densities  of  these  vapours,  by  means  of  a 
gauge  which  measured  the  bulk  of  a  confined  portion  of  air,  subjected,  through  the 
intervention  of  a  column  of  quicksilver,  to  tho  pressure  of  the  generated  vapour. 
Alcohol  converted  into  vapour,  and  occupying  a  space  a  little  exceeding  three  times  the 
volume  o^the  original  liquid,  he  found  to  exert  a  pressure  =119  atmospheres,  and  to 
require  a  temperature  of  404*6^  Fah.  Ether,  under  the  same  circumstances,  required 
a  temperature  of  369''  Fah.,  and  the  force  of  its  vapour  was  equivalent  to  37  or  38 
atmospheres;  bisulphuret  of  carbon  required  527°  Fah.,  and  the  pressure  of  its 
vapour  was  equal  to  78  atmospheres.  Water,  to  which  a  minute  quantity  of  carbonate 
of  soda  had  been  added,  ceased  to  act  upon  glass  tubes ;  and,  though  several  tubes 
were  broken,  it  was  ascertained  that  water  itself  may  be  converted  into  vapour,  pro- 
vided the  vacant  space  exceed  its  volume  about  four  times.* 

XV.  The  evaporation  of  water  ie  carried  on  much  more  rapidly  under  a  diminished 
prenure,  eepedaUtf  if  the  vapour^  which  is  formed,  be  condensed  as  soon  as  it  ie  produced, 
90  as  to  maintain  the  vacuum* 

On  this  principle  depends  Mr.  Leslie's  ingenious  mode  of  freezing  water,  in  an 
atmosphere  of  any  common  temperature,  by  producing  a  rapid  evaporation  from  the 
•  «« Ann.  de  Chlm.  et  de  Phys./'  xxi.  127, 178  ;  xxll.  410 ;  or  '*  Ann.  of  Phllos.,'»  r.  29D. 
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surface  of  the  water  itself.  The  water  to  be  congealed  is  contained  in  a  shallow  yessel, 
which  is  supported  above  another  vessel  containing  strong  sulphuric  acid,  or  dry 
muriate  of  lime,  or  even  dried  garden  mould  or  parched  oatmeal.  Any  substance, 
indeed,  that  powerfully  attracts  moisture  may  be  applied  to  this  purpose.  The  whole 
is  covered  by  the  receiver  of  an  air-pump,  which  is  rapidly  exhausted ;  and,  as  soon  vt 
this  is  effected,  crystals  of  ice  begin  to  shoot  in  the  water,  and  a  considerable  quantity 
of  air  makes  its  escape,  after  which  the  whole  of  the  water  becomes  solid.  The 
rarefaction  required  is  to  about  100  times ;  but  to  support  congelation,  after  it  has 
taken  place,  20  or  even  10  times  are  sufficient.  The  sulphuric  acid  becomes  very 
warm ;  and  it  is  remarkable,  that  if  the  vacuum  be  kept  up,  the  ice  itsdf  evaporates. 
In  five  or  six  days,  ice  of  an  inch  in  thickness  will  entirely  disappear.  The  aeid 
continues  to  act  till  it  has  absorbed  an  equal  volume  of  water. 

An  elegant  manner  of  making  the  experiment 
is  to  cover  the  vessel  of  water  with  a  plate  of  metal 
or  glass,  fixed  to  the  end  of  a  sliding  wire,  which 
must  pass  through  the  neck  of  the  receiver,  and 
be,  at  the  same  time,  air-tight,  and  capable  of 
being  drawn  upwards.  (See  the  annexed  figure.) 
The  receiver  being  exhausted,  the  water  will  con- 
tinue fluid,  till  the  cover  is  removed,  when,  in 
less  than  five  minutes,  needle-shaped  crystals  of  ioe 
will  shoot  through  it,  and  the  whole  will  soon 
become  frozen.  If  this  should  not  happen,  a  slight 
but  smart  blow,  given  to  the  air-pump,  will  oftea 
occasion  immediate  congelation. 

In  this  interesting  process,  if  it  were  not  for  the 
sulphuric  acid,  an  atmosphere  of  aqueous  vapour 
would  fill  the  receiver ;  and  this,  pressing  on  the 
suifaco  of  the  water,  would  prevent  the  further 
production  of  vapour.  But  the  steam  which  rises, 
being  condensed  the  moment  it  is  formed,  the 
evaporation  goes  on  very  rapidly,  and  has  no  limits 
but  the  quantity  of  the  water,  and  the  diminished  concentration  of  the  acid.* 

It  is  on  the  same  principle  that  the  instrument  invented  by  Dr.  WoUaston,  and 
termed  by  him  the  Cryophorus^  or  Froit-bearer^  is  founded.  It  may  be  formed  by 
taking  a  glass  tube,  having  an 
internal  diameter  of  about 
^th  of  an  inch,  the  tube  being 
bent  to  a  right  angle,  at  the 
distance  of  half  an  inch  from 
each  ball,  thus : 

.  One  of  these  balls  should  be  about  half  filled  with  water,  and  the  other  should  be  «• 
perfect  a  vacuum  as  can  readily  be  obtained,  the  mode  of  effecting  which  is  well,  known 
to  those  accustomed  to  blow  g^iass.  One  of  the  balls  is  made  to  terminate  in  a.  capiUvy 
tube ;  and  when  the  water  in  the  other  ball  has  been  boiled  over  a  lamp  a  considerable 
time,  tiU  all  tho  air  is  expdlod,  the  dq^iHary  exteemitjr,  through  which  the  steaBi  is 

•  The  most  complete  actouat  of  thk  aewmode  of  fraesiag  Ss  to  be  tamA  in  fhe  Sopplcsieiit  to 
the  "  Encj-cU  BrlU,"  Art.  Cow. 
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still  ittuing  with  Tiolence,  is  held  in  the  flame  of  tho  lamp,  till  the  force  of  tho  yapour 
is  10  far  redu<Md  that  the  heat  of  tho  flame  has  power  to  seal  it  hcrmoticallv. 

When  am  instrtunent  of  thia  kind  is  well  prepared,  if  the  empty  boll  bo  immened 
in  a  miztore  of  snow  and  salt,  the  water  in  the  other  ball, 
though  at  the  distance  of  two  or  throe  feet,  will  bo  frozen 
solid  in  the  oonrse  of  a  very  few  minutei.  Tho  ezperi- 
ment  may  be  rendered  itill  more  striking,  if  performed 
•ceording  to  Dr.  MareeVs  modification  of  it :  tho  empty 
(lorer)  hall,  oovered  with  a  little  moist  flannel,  is  to  bo 
iiiBpeiided,  in  the  manner  shown  by  tho  annexed  sketch, 
vithia  a  reeeiTer,  orer  a  shallow  yesscl  of  strong  sol- 
pfaorio  floid,  and  the  receiver  is  then  to  be  exhausted.  In 
both  ottea,  the  vapour  present  in  the  empty  ball  is  con- 
densed by  the  operation  of  oold ;  and  the  vacuum,  produced 
by  thia  condensation,  gives  opportunity  for  a  fresh  quantity 
tP  arise  fnm  the  opposite  ball,  with  a  proportional  reduction 
of  the  temperature  of  its  contents. 

An  ingenious  application  of  the  fact  that  evaporation 
takes  place  in  muw^  at  a  lower  temperature  than  under 
eonunon  pressures,  was  made  by  tho  late  Mr.  Edward  Howard,  to  the  concen- 
tration of  syrtq>  in  the  process  of  reflning  sugar.  The  syrup,  in  his  method,  is 
indooed  in  an  air-tight  vessel,  from  which  tho  atmospheric  air  is  extracted 
mechanically  by  a  pump,  and  the  evaporation,  therefore,  goes  on  at  a  low  degree 
of  heat,  whioh  secures  the  syrup  from  injury.*  Mr.  J.  J.  Barry  obtains  a  vacuum 
in  a  dhei^er  and  easier  manner,  by  the  condensation  of  steam,  applied  in  a  way  which 
voold  not  be  understood  without  a  plate,  and  of  which  it  may  bo  sufficient  to  say  that 
be  ean  maintain,  in  the  liquid  to  be  evaporated,  a  steady  temperature  of  from  90°  to 
KMT  Fah.  Mr.  Barry's  process  is  peculiarly  adapted  to  tho  preparation  of  medicinal 
extracts,  the  active  portion  of  which  is  liable  to  be  decomposed  at  a  heat  considerably 
below  that  of  boiling  water. f 

The  lergo  quantity  of  caloric,  latent  in  steam,  renders  its  application  extremely 
uoAil  for  practical  purposes.  Thus,  water  may  be  heated,  at  a  considerable  distance 
from  the  source  of  heat,  by  lengthening  the  conducting  pipe  e.  (See  page  153.)  This 
ftiTniBhes  us  with  a  commodious  method  of  warming  the  water  of  baths,  which,  in 
certain  ceeee  of  disease,  it  is  of  importance  to  have  near  the  patient's  bed-room ;  for  the 
boiler,  in  which  the  water  is  heated,  may  thus  be  placed  on  the  ground-floor,  or  in  the 
cellar  of  a  house,  and  the  steam  conveyed  by  pipes  into  an  upper  apartment.  Steam 
may  alio  bo  applied  to  the  purpose  of  heating  or  evaporating  water,  by  a  modification 
of  tiie  appanttos.  An  apparatus  may  be  made  for  boiling  water  by  the  condensation 
ofsteam^  wUiiout  adding  to  its  quantity,  a  circumstance  occasionally  of  considerable 
importaneew  The  steam  is  received  between  the  vessel  which  contains  tho  water 
to  be  lieftted]  and  an  exterior  case ;  it  imparts  its  caloric  to  tho  water  through  the 
mbstttiee  of  die  veeeel ;  is  thus  condensed,  and  returns  to  the  boiler  by  the  per- 
pendioiilMr  pipe»  An'  alteration  of  tho  form  of  the  vessels  adapts  it  to  evaporation. 
lliis  metiiod  of  evaporation  is  admirably  suited  to  the  concentration  of  liquids  that  are 
decoMpQUod,  or  injused,  by  a  high^  temperature  than  that  of  boiling  water,  such  as 
•  "lUptrtorar  «r  Arts,"  Series  Two,  Vols.  XXIU.  and  XXY. 
t  See  **  Transact,  of  the  Medieo-Chirurg.  Soo.  of  London,"  Vol.  X. 
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medicinal  cxtmcts  ;  to  tlie  drying  of  precipitates,  &c.  In  the  employment  of  either  of 
these  vessels,  it  is  expedient  to  surround  it  with  some  slow  conductor  of  heat.  On  a 
small  scale,  a  few  folds  of  woollen  cloth  are  sufficient ;  and,  when  the  yessel  is  con- 
structed of  a  large  size  for  practical  use,  this  purpose  is  served  by  the  brickwork  in 
which  it  is  placed. 

Ciaoxic  the  Cause  of  Pexmanently  Elastic  Fluidity— Oenesal  Pio- 
pexties  of  Gases. — From  the  facts  which  have  been  detailed  in  the  laat  section,  it 
appears  that  in  vapours,  strictly  so  called,  such  as  the  steam  of  water,  caloric  is  retained 
with  but  little  force ;  for  it  quits  the  water  when  the  vapour  is  merely  exposed  to  a  lower 
temperature.  But,  in  permanently  elastic  fluids,  caloric  is  held  very  forcibly,  and  no 
diminution  of  temperature  that  has  ever  yet  been  effected  can  separate  it  from  some  of 
them.  Thus  the  air  of  our  atmosphere,  in  the  most  intense  artificial  or  natural  cold, 
still  continues  in  the  aeriform  state.  Hence  is  derived  one  character  of  gases,  viz,y  that 
they  remain  aeriform  under  almost  all  variations  of  pressure  and  temperature,  and  in 
this  class  are  also  included  those  aerial  bodies  which,  being  immediately  condensed  by 
contact  with  water,  require  confinement  over  mercury.  The  following  experiment  will 
show  that  the  caloric  contained  in  gases  is  chemically  combined,  or  at  least  that  it  is 
inappreciable  by  the  thermometer. 

Into  a  small  retort  (see  annexed  cut,  b)  put  an  ounce  or  two  of  well -dried  common 
salt,  and  about  half  its  weight  of  sulphuric  acid.  By  this  process,  a  great  quantity  of 
gas  is  produced,  which  might  be  received  and  collected  over  mercury.  But,  to  serve  the 
purpose  of  this  experiment,  let  it  pass  through  a  glass  balloon,  c,  having  three  openings, 
into  one  of  which  the  neck  of  the  retort  passes,  while  from  the  other  a  tube,  e,  proceeds, 

which  ends  in  a  vessel 
of  water,  /,  of  the  tem- 
perature of  the  atmo- 
sphere. Before  closing 
the  apparatus,  let  a 
thermometer,  d,  be  in- 
cluded in  the  ballooQ,  to 
show  the  temperature 
of  the  gas.  It  will  be 
found  that  the  mercury, 
in  this  thermometer, 
will  rise  only  a  few 
degrees,  whereas  the 
water,  in  the  vessel 
which  receives  the  bent 
tube,  will  soon  become 
almost  boiling  hot.  In 
this  instance  caloric 
flows  from  the  lamp  to 
the  muriatic  acid,  and 
converts  it  into  gas; 
but  the  heat,  thus  expended,  is  not  indicated  by  the  thermometer.  The  caloric, 
however,  is  again  evolved,  when  the  gas  is  condensed  by  water.  In  this  experiment 
we  trace  caloric  into  a  latent  state,  and  again  into  the  state  of  free  or  uncombined 
caloric. 
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For  demoBUtnting  the  influence  of  yariations  of  atmospheric  pressure  on  the 
formation  of  gases,  better  experiments  cannot  be  deyised  than  those  of  Layoisier.*  But 
as  some  students,  who  hare  the  use  of  an  air-pump,  may  not  possess  the  apparatus 
described  by  Laroisior  (the  glass  bell  and  sliding  wire),  it  may  bo  proper  to  point  out 
an  easier  mode  of  showing  the  same  fact.  This  proof  is  furnished  by  tho  experiment 
already  described,  in  which  sulphuric  ether  is  made  to  assume  alternately  an  aeriform 
and  liquid  state,  by  remoying  and  restoring  the  pressure  of  the  atmosphere. 

lBftuMM«  «dr  AtnuMplMiio  Pv«ftBiue. — ^It  was  long  ago  suggested  by 
Mr.  DaUonf  that  all  gases  are  conyertible  into  liquids.  "There  can  scarcely," 
he  observes,  *^be  a  doubt  entertained  respecting  the  reduoibility  of  all  elastic 
fluids,  of  whateyer  kind,  into  liquids ;  and  we  ought  not  to  despair  of  effecting 
it  in  low  temperaiores,  and  by  strong  pressure  exerted  upon  the  unmixed  gases." 
It  fiutuxuitely  occurred  to  Mr.  Faraday  that  tho  most  probable  means  of  exhibit- 
ing gases  (or  rather  what,  under  ordinary  circumstances,  would  be  such)  in  the 
liquid  state,  would  be  to  generate  them  under  strong  pressure ;  and  his  experiments 
haye  conflrmed  this  sagacious  conjecture.  When  thus  produced  in  strong  glass  tubes, 
they  oontimied  liquid  at  low  temperatures,  while  the  pressure  was  kept  up,  but,  on 
remoying  the  pressure,  instantly  passed  into  the  gaseous  state.  Some  of  them  evinced 
10  strong  a  tendency  to  become  permanently  elastic,  that  the  tubes  containing  them 
exploded  spontaneously,  with  great  yiolence,  by  a  slight  increase  of  the  temperature  of 
the  atmosphere.  The  gases  liquefled  by  Faraday  in  1823  were  chlorine,  euchlorine, 
lolphnreted  hydrogen,  nitrous  oxide,  cyanogen,  ammonia,  and  hydrochloric,  sulphurous, 
md  carbonic  acids.  Tho  last-mentioned  fluid  required  fl)r  its  confinement  much 
rtnmger  tubes  than  any  of  the  others,  and  produced  the  most  yiolent  and  dangerous 
explosions.^ 

Subsequently  to  Faraday's  experiments,  in  the  year  1823,  this  philosopher  and 
others  haye  resumed  the  endeayour  to  reduce  gases  to  a  denser  cohesive  state,  and  with 
the  most  interesting  results.  Not  only  has  the  number  of  liquefiable  gases  been 
extended  to  comprehend  all  except  oxygen,  hydrogen,  nitrogen,  nitric  oxide,  and  coal 
gas,  but  nine  gases  have  been  solidified ;  they  are— 

Hydriodic  acid.  Oxide  of  chlorine. 

Hydrobromic  acid.  Cyanogen. 

Sulphurous  acid.  Ammonia. 

Sulphureted  hydrogen.  Nitrous  oxide. 
Carbonic  acid. 

The  preceding  results  warrant  the  assumption  that  all  gases  might  be  solidified, 
under  a  sufficient  deprivation  of  heat ;  consequently  the  generalization  of  a  permanently 
dastlo  fluid,  as  applied  to  a  gas,  is  no  longer  tenable.  It  follows,  moreover,  that, 
inasmuch  as  gases  evolve  latent  heat  on  becoming  fluids,  and  fluids  evolve  another 
portion  of  latent  heat  on  becoming  solids,  that  solidifled  gases  of  all  substances  must 
absorb  the  largest  amount  of  heat  on  assuming  their  original  gaseous  state.  The  first 
gaseous  body  ever  solidified  was  carbonic  acid.  The  interesting  result  was  accom- 
pliflhed  by  M.  ThUorier. 

In  this  place  I  shall  confine  myself  to  an  indication  of  the  prineipht  involyed.  M. 
Thilorier  accomplished  the  solidification  of  liquid  carbonic  acid  by  exposing  it  to  the 
cooling  agency  of  its  own  evaporation.  When  produced,  the  solidified  carbonic  acid  in 
»  See  his  <•  Elements,*'  ohap.  i.  •»  **  Manota.  See.  Mem.,"  v.  550.  {  "  PhU.  Trans.,"  182S. 
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its  turn  booomos  tho  most  powerful  agent  known  to  chemiats  for  lowering  the  tem- 
perature of  bodies ;  the  method  of  using  it  with  greatest  advantage  consisting  in 
mixing  it  with  othor,  and  forming  a  bath.  It  was  by  the  employment  of  this  powerful  '| 
cooling  agent,  under  the  exhausted  receiver  of  an  air-pump,  and  in  combination  with 
groat  pressure,  that  Faraday,  in  1845,  made  such  important  additicms  to  the  list  of 
gases  originally  condensed  by  him  in  1823.* 

Tho  pressure  was  effected  by  means  of  two  forco-pumps  acting  in  Bucceenon ;  the 
Arst  having  a  piston  of  an  inch  in  diameter,  the  second  only  half  an  iuoh.  By  the 
first  a  pressure  of  about  twenty  atmospheres  was  produced;  by  the  second  this 
pressure  was  increased  to  more  than  fifty  atmospheres.  The  tubes  used  in  these 
cxporiments  were  of  green  bottle-glass,  from  one-sixth  to  one-fourth  of  an  ineh  in 
external  diameter.  Three  distinct  agencies  will  be  recognised  as  contributing  to  the 
general  result:  (1),  the  direct  cooling  agency  of  the  carbonic  acid  bath;  (2)»  tibe 
increased  cooling  agency  of.  the  same  imder  the  exhausted  receiver;  (3),  the  force  of 
pressure  exercised  on  the  gas. 

The  threo  tables  appended  are  taken  from  Gmelin's  *^  Handbnoh,"  and  represent  the 
thermometrio  degree  of  certain  melting  and  boiling  points.  It  may  be  well  to  observe 
that  tho  melting  point  of  a  solid  is  the  freezing  or  solidifying  point  of  its  corresponding 
liquid.  Thus  32^  F.  is  the  freezing  point  of  water,  as  weU  as  the  melting  point 
of  ice. 

In  the  second  table  d^rees  of  heat  are  aometimes  represented  by  the  scale  of 
I)aniell*8  and  Wedgwood's  pyrometer.  The  latter  is  a  very  uncertain  instmment,  and 
iU  manifestations  cannot  be  relied  upon.  Wedgwood  himself  estimated  the  first  degree 
on  his  instrument  as  =  598"*  C,  and  each  degree  to  72^  C. ;  Guyton  Morveau  estimated 
tho  first  degn>o  at  270"'  C,  and  each  degTv?e  to  only  34''  C.  Ck)nnection  between  the 
&cali>$  of  Danicll*s  p}'Tameter  is  effected  by  graduating  the  instnunoit  from  the  fixed 
p.'int  of  the  boiling  of  mercury  =:  662~  F.  Thus,  knowing  the  amoimt  of  linear  expan- 
sivvn  fivm  any  lower  degree  up  to  this  point,  and  considering  aU  farther  expensive 
inonL^mt'nts  or  decii»nents  as  proportional,  a  scale  is  farmed. 


in^.TTXG   POrSTS. 

CentigTadf. 

nhxtslKit. 

CarKnicacid    .                         .        —    65* 

.    —    85» 

Ether    - 

—    14 

.    —    47-2 

Mercury 

—    40-5 

—    40-9 

l>ilot'Timoa     . 

-.    25 

—    13 

Btci:istte 

—    20 

—      4 

HyirxxTiiiK  icid 

—    15 

+      5 

Wai-r 

0 

+    S2 

r^,>>72icr'^ 

-J.    45 

-1-113 

IVcassi^zn 

+    5S 

-J- 136-4 

W«      . 

-f-  t?: 

.    -1-152-6 

$0*213=1 

-r   ?0 

-r  !« 

Icc:-:^    . 

T- 1:: 

-rd^ 

S*5!^,cr 

-hli» 

.    -J-22S-2 

Cux;tK;»3r 

+  i:3 

+  «T 

•  •?tt£lUMii«^*tHJwuIW;j»*P4C.3tic-*i. 

2^258. 
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Rismnth 
Tin.    . 


Antimoiiy  .  • 
Brass  .... 
SiHw  .... 

Sr. : : : 

Oobtlt.   .    .    . 
White  Cast  Iron 
Gray        do. 
B1661    .    •    •    . 

Jfi&flKllMO    •     « 

Bari'nm  .    .    . 
Klflkel  Platinum  S 
IiUinmBhodiiua} 
QoartK    .    .    .     } 


G«7tmiMoiTt«ii 


Cent      Wedgwood. 


•247- 
167 
S13 
S74 
•13 

1034 
1207 
1381 


4783 


3825 
6346 


above 


3 
7 

IT 

32 


130 

wo" 

175 
1 175 


Wcdinrood  »v.A  Dalton     „  ,  ,,     '«  ^   _  L  j.. 
"N.  Sjst.."l,M).       Donlcll.     |8chwartx.  .Rndbcff;. 

Cent.   Wpdgwoud.  I  Cent.  1  Daulell.   Cent 


247 
246 
322 
871 
432 


28 

37 

32 

130 


160 


230 
227 
321 
843 

1021 
1223 
1386 
1421 


1915 


68 

87 
01 

267 
819 
364 
370 


407 


260 
28U 
340 
500 
630 
Fouillct 
1000 

1200 

IICO 
1210 
1860 

1550 


Oeat. 

338 

325 


Prinscp 
MO 


SulphiDOTUi  acid 

Hydrochlorio  ether 

Nitric  ether 

Hydrocyanic  acid 

Sulphnrio  ether 

Stdphoret  of  carbon 

Bromine 

Alcohol 

Rock  oil 

"Water  . 

Oil  of  turpentine 

Iodine  . 

Camphor 

Oilof  Titriol 

Phosphorus 

Sulphur 

Mercury 

Selenium  (nearly) 


BOILIMO  FOXHTS. 

—  lO^C. 
+  12 
+  21 
-f  26-5 
-f  85-66 
-f  46-6 
+  47 
+  78-41 
+  66-6 
+  100 
+  167 
+  180 
+  284 
+  288 
+  250 
+  298 
+  856 
+  700 


+ 
+ 
+ 
+ 
+ 


14-  Fah. 

58*6 

69-8 

79-7 

96-19 
+  116-82 
+  116-6 
+  17314 
+  149-9 
+  212- 
+  814-6 
+      8-56 
+  648-2 
+  660-4 
+  482- 
+  659-4 
+  672-8 
+1292- 


Of  Oas«ft  iiBd«x  Pz«88uze.— Gosos,  when  once  formed,  undergo  a  oonaidcrablc 
chan^  of  bulk  by  yariations  of  external  pressure.  The  general  law,  first,  I  belioYC,  estab- 
lished on  this  subject  by  Mariotte,  is,  that  the  volume  o/gatet  it  inversefy  as  the  compres* 
ting  force,  If^  for  example,  wo  haye  a  quantity  of  gas,  occupying^  under  the  common 
pressure  of  the  atmosphere,  60  cubic  inches,  it  will  fill  the  [spacs  of  only  30  [cubic 
inches,  or  one  half,  under  a  double  pressure ;  of  20  inches,  or  one  third,~imdcr  a  triple 
pressure ;  of  15  inches,  or  one  fourth,  under  four  times  the  pressure ;  and  so  on. 

These  results,  so  £u:  as  respects  the  more  permanent  gases,  have  been  confirmed  by 
Oersted,*  who  carried  the  compression  of  air  as  far  as  110  atmospheres.  But  with 
*  «*  Quarterly  Journal,"  xxii.,  198. 
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respoot  to  some  of  the  more  easily  liqueEable  gases,  Despretz  has  found  that  they 
deviate  sensibly  from  Mariotte's  law.  This  is  the  case  with  sulphureted  hydrogen, 
sulphurous  acid,  cyanogen,  and  ammonia,  even  when  completely  depriyed  of  hygro- 
metric  moisture.* 

The  law  of  the  dUaiability  of  gases  by  Jieat  has  already  been  stated  to  be  an 
enlargement  of  about  T^th  part  of  their  bulk  for  each  degree  of  Fahrenheits 
scale,  between  the  freezing  and  boiling  points  of  water.  It  is,  however,  necessary 
that  the  gases  submitted  to  experiment  should  be  perfectly  deprived  of  aqueous 
vapour.  These  expansions,  it  has  been  shown  by  Sir  H.  Davy,  continue  exactly 
the  same  in  dry,  compressed  air,  at  temperatures  between  32°  and  212%  and  also  in 
air  confined  by  columns  of  quicksilver,  whether  the  jdi  was  ^,  ^,  or  ^  of  its  natural 
donsity.f 

All  gases  exhibit  a  reduction  of  their  temperature  by  mechanical  rarefaction^  and  an 
evolution  of  heat  by  condensation  of  their  volume.  It  had  long  been  known  that,  if  a 
thermometer  be  inclosed  in  a  receiver,  and  the  air  be  suddenly  condensed,  the  ther- 
mometer rises,  and,  if  the  air  bo  rapidly  exhausted,  it  faUs ;  but  in  each  case  only  a 
few  degrees  above  or  below  the  temperature  of  the  atmosphere.  Mr.  Dalton,  struck 
with  the  suddenness  of  the  rise  or  fall,  was  the  first  to  suspect  that  the  change  of  tern- 
poraturo  is,  in  each  case,  much  greater  than  is  indica.ted  by  the  mercurial  thermometer. 
He  contrived,  therefore,  a  very  simple  and,  beautiful  method  of  determining  the  real 
amount  of  the  change.  TVith  this  view,  he  took  a  large  receiver,  and  inclosed  in  it  a 
graduated  tube,  one-fifteenth  of  an  inch  diameter,  bent  siphonwiae 
as  in  the  figure,  sealed  at  tbe  end  d,  and  open  at  the  extremity,  a. 
Within  the  tube  was  a  short  column  of  mercury,  c,  the  rise  or  fall  of 
which,  by  any  change  of  elasticity  of  the  air  in  the  tube,  or  in  the 
receiver,  rendered  it  a  proper  manometery  or  measurer  of  rctref actum. 
He  next  doubled  the  density  of  the  air  in  the  receiver,  and  of  couiae 
the  mercurial  column  was  forced  down  till  the  air  in  the  closed  part 
of  the  siphon  occupied  only  half  its  original  bulk.  Then,  suddenly 
opening  the  cook  attached  to  the  receiver,  the  mercurial  column  ran 
up  quickly  to  its  former  station.  At  this  moment  the  cock  was 
suddenly  shut,  which  caused  the  mercurial  column  again  to  &U 
down  gradually  for  five  or  ten  seconds,  to  the  amount  nearly  of  one- 
tenth  of  the  column  of  air  included  in  the  manometer,  when  it 
became  stationary.  Once  more  opening  the  cock,  air  rushed  out  of 
the  receiver,  and  the  mercury  regained  its  position  at  e, 

When  the  experiment  was  reversed,  by  exhausting  a  receiver,  under  which  the 
same  manometer  was  placed,  with  the  mercurial  column  stationed  at  the  coounenoe- 
ment  at  dy  the  phenomena  took  place  in  a  reversed  order.  At  first  the  mercury  rose  to 
c;  on  opening  the  cock  it  ftU  to  J;  on  shutting,  it  retrograded  towards  c;  and,  on 
again  opeoing  the  cock,  established  itself  at  tf. 

These  &ct8,  which,  though  observed  only  with  respect  to  atmospheric  air,  would, 
no  doubt,  take  place  with  some  variation  in  aU  gases,  are  explained  by  Mr.  Dalton  in 
the  following  manner :~ 

The  air  lA  tlie  receiver,  and  that  in  the  manometer,  are  subject  to  a  like  degree 
of  condsnsaitioii.  or  xarefiiction,  or  yerj  wnty  sa    When  the  equiUbrinm  of  heat 
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is  disturbed  by  oondensing  or  expanding  the  air,  it  is  restored  in  that  within  the 
manometer  instantly,  by  reason  of  the  extensive  surface  of  glass  to  which  that  air 
is  exposed.  But,  in  the  large  receiyer,  a  sensible  time,  of  ten  seconds  or  more,  is 
required  to  restore  the  equilibrium  through  its  whole  capacity.  It  is  this  restoration 
that  increases  or  diminiwhwi  the  elasticity  of  the  air  in  the  receiyer,  and  thereby  causes 
the  merourial  odumn  to  retrograde.  Now  it  is  ascertained  that,  to  contract  or  expand 
a  portion  of  air  by  one-tenth  of  its  yolume,  a  change  of  temperature  equal  to  60**  Fah. 
is  required.  It  follows,  therefore,  that  in  the  case  of  restoring  the  equilibriimi  of 
condensed  air,  about  60°  of  cold  are  produced ;  and  in  letting  air  into  an  exhausted 
receiyer,  60°  of  heat  are  eyolyed.  The  phenomena,  Mr.  Dalton  ^uK^ertained,  are  inde- 
pendent of  aqueous  yapour,  and  are  more  remarkable  in  dry  than  in  humid  air.  They 
depend  on  the  diminished  capacity  of  air  for  heat  by  condensation,  and  its  in- 
eoreaaed  capacity  by  rarefaction,  and  are  common  to  all  gases ;  but,  as  will  appear 
when  we  come  to  speak  of  the  specific  heat,  yary,  as  to  their  extent,  in  different 
gases. 

When  air  (and  no  doubt  any  other  gas)  is  suddenly  and  forcibly  compressed, 
m  a  syringe  fbr  instance,  the  quantity  of  caloric  liberated  by  the  first  stroke  of 
the  piston  is  sufficient  to  set  fire  to  a  piece  of  the  tinder  called  amadou.  This 
fiuit  has  been  applied  to  the  construotion  of  a  portable  instrument  for  lighting  a 
eandle,  consisting  of  a  common  syringe,  at  the  bottom  of  which  is  a  small  chamber 
lor  oontaining  the  tinder.  A  flash  of  light  is  also  perceptible  in  an  instrument 
adapted  lor  showing  it  by   means  of  a   glass  bottom,  at  the  moment  of   con- 


AU  gases,  by  contact  with  water,  become  mingled  with  aqueous  yapour,  the  propor- 
tion of  which  is  regulated  by  the  temperature  and  pressure  to  which  the  gases  are 
sobjeoted ;  but,  those  circumstances  being  equal,  the  proportion  of  aqmoui  vapour  is 
the  eame  in  every  gae.  This  moisture  may  be  absorbed  from  gases  by  substances 
fiiat  strongly  attract  water,  such  as  quicklime,  chloride  of  calcium  which  has  been 
recently  ftised,  sulphuric  acid,  &c. ;  but  to  e£Ebct  this  it  is  necessary  that  the  gas 
should  be  confined,  and  in  contact  with  the  absorbent  substance,  oyer  well-dried 
mercury. 

When  a  glass  yessel,  containing  any  gas  not  artificially  dopriyed  of  its  mois- 
ture, is  cooled  below  the  temperature]  of  the  atmosphere,  moisture  is  condensed  in 
small  dn^s,  or  if  a  freeEing  mixture  be  applied,  in  the  form  of  a  thin  film  of  ice,  qn  the 
inner  sur&ce  'of  .the  yesseL  The  steam  present  in  gas  is  also  rendered  visible  by 
suddenly  expanding  or  suddenly  condensing  their  volume.  In  the  first  case,  theTreduc- 
tion  of  temperature  which  takes  place,  amounting,  as  has  been  shown,  to  50**  Fah.,  robs 
the  aqueous  yapour  of  its  constituent  heat.  In  the.  second,  the  diminution  of  space, 
essential  to  the  existence  of  vi^Kmr,  causes  the  precipitation  of  water,  notwithstanding 
the  temperature  evdved  by  condensing  the  air. 

When  a  body,  heated  to  a  certain  point,  is  placed  in  different  gases,  under  circum- 

stsaoes  otherwise  similar,  it  is  found  to  cool  with  very  different  velocities ;  in  other 

words,  the  power  of  elaetie  flmie  to  conduct  heat  difcrsfor  different  gaeee.    Dr.  Priestley 

appears  to  hare  been  quite  aware  of  this ;  Mr.  Dalton  has  given  a  series  of  experiments 

on  this  subject;  and.  Sir  H.  Davy,  having  raised  the  same  thermometer  to  the  same 

temperature,  160"*  Fah.,  exposed  it  to  equal  volumes  (21  cubic  inches)  of  the  following 

gases  at  62°  Fah. 

•  "  Phil.  Mag."  vols,  xiv.,  xxxi.  and  xl. 
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Tho  tlmci  for  cooling  down 

to  106^  were  for 

Mi]i.8M. 

Mixu  Sec. 

Ainioiphoxio  air      •       • 

2      0 

Oxygen  . 

.         1     47 

Hydrogen 

0    45 

Nitrous  oxide . 

2    30 

Oluiiontgot    . 

1     15 

Carbonic  acid . 

2    '45 

Coal  goi         .       .       . 

0    55 

Chlorine . 

3      6 

AjoU)     .... 

1    30 

It  appcon  from  this  table  that  tho  powers  of  elastic  fluids  to  abstract  or  conduct 
AWay  hoot  Arum  solid  surfaces  is  in  some  inyerse  ratio  to  their  density.  The  nature  of 
tho  surfiico  of  tho  hotjbody,  it  has  been  shown  by  Dulong  and  Petit,  does  not  afEect  ths 
Qimduotiug  pow^r  of  gaseous  bodies ;  but  the  state  of  the  gases  themsclTes,  as  to 
mainturo  or  dryness,  lias  a  considerable  influence ;  £or  moist  gases,  as  is  shown  by 
Count  ttumfard*s  oxporiments,  conduct  boat  much  more  rapidly  than  dry  ones. 
Uiiroroncuf«  howovcr,  in  tlio  gpfici/ie  heat*  of  gases  (if  such  diflierences  really  exist)  nunt 
i^nulor  it  diiHoiilt  to  doterminc  how  much  of  tho  effect  is  owing  to  that  cause,  and  how 
muoh  to  a  n^al  diffon^nco  of  conducting  power. 

•|^tt«IAo  OmTitj  of  tbA  Oases.— Before  dismissing  the  consideration  of  the 
gwos  ill  g«noral,  thoro  aro  a  f«w  pn^rties  which  it  may  be  proper  to  notice^  with  the 
riow  «f  comparing  tho  degree  in  which  they  bekmg  to  difiOsrent  individuals  of  the  dsai* 

Tho  oxnot  lytoetilf  praHt^  of  the  different  gases  is  a  most  importsnt  element  in 
oaloulating  tKi^  pr^tportion  of  the  ingrodienta  of  compounds  into  whiek  Hnef  entsK. 
Nothing*  indood.  oan  show  tho  impi^rtanoo  of  this  object  more  strikingly  than  Hie  £MSt| 
xhM  xn\  tho  |\n\n$*^  siHvitio  graTitit^  of  hydrogen  and  oxygen  gases  depend  the  whelt 
«ori«Ha  «>f  numbi^ra  which  an>  used  to  express  the  woghts  of  the  atoms  of  bodies  en  the 
Ualu>iuan  UK^^«  Th<i>  ioUowiikg  table  exhibits  the  speciic  gravxdes  of  the  moi^ 
wtvitvrfiMK  lK¥ii«w  of  this  ck*»»  on  the  sssun^ytion  that  100  cubic  inches  of  atmospheric 
air  >k\>i«ih  i^  inmuu  ;^** 

TAiujfi  OF  tuc  specifxc  o&jltiit  of  gases. 
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^;>wrix  ^;a»»^  ani^  \ 

UV^Jfek 

J>3nP« 

« 

^ 

s             ^ 

VUXVN 

«t$;i 

AlAJBkdBepjs 

)i>iuo 

I  ar. 

i.^sss 

i.j:20iD&ja 

>;^v 

s 

, 

s 

1 1:^ 

ii^fij? 

I^JTCC^ia:  and  Dnlopg 

fc  J<*w*r»:  **K»J*r  »M»n»*i*ifc  Af  ^W  «Ai*M^  ♦r  ^  hv^  star  -^jtiMir  ^rtw  rMiofcw  fsrfiHc 


SPECmO  ORATITT  OV  OASES. 


l«7 


2M0  9f  Gam  contmmd. 

KamMof  Oates. 

Spedfle 
graTlty. 

Weight  of 
100  oubio 
inches. 

Anthocities. 

SixPLB  Gasbs  and  Yapottbs. 

Grains. 

CUorine         .            .           •           . 

2-5082 

76-500 

Davy 

Ditto 

2-5000 

76-250 

Thomson 

Iodine  (yapour) 

8-678 

244-679 

Gay  Lusaac 

Ditto 

8S111 

262-6308 

Thomson 

Hydrog^en       • 

0^694 

2116 

Ditto 

Ditto 

0-^688 

2-098 

Berzclius  and  Duloog 

Nitrogen 

0-9722 

29-652 

Thomson 

Ditto 

0-9760 

29-768 

Berzelius  and  Dulong 

Gaihan  (yaponr) 

0-4166 

12-6083 

Gay  Lussac 

Solphiir  (ditto) 

11111 

33-888 

Thomson 

Fho^aros  (ditto) 

*           ■ 

0-8333 

25-416 

Ditto 

Anunoni&        •            .           •           • 

0-5960 

18-18 

Allen  and  Pepys 

Ditto               .... 

0-5902 

18-003 

Thomson 

Ditto 

0-5912 

18-03 

Bonselius  and  Dulong 

Carbureted  hydrogen 

0-5555 

16-944 

Thomson 

Ditto               .... 

0-5590 

17049 

Berzelius  and  Dulong 

Oleftantgas    .... 

0-9722 

29-652 

Thomson 

Ditto              .... 

0-9804 

29-90 

Berzelius  and  Dulong 

0-9027 

27-637 

Thomson 

Bi-hydrogoret  of  phocq^honis . 
Salphnretod  hydrogen 

0-9722 
1-1805 

29-652 
36-007 

Ditto 
Ditto 

Bi-sulphuret  of  carbon  (yaponr) 

2-6388 

80-486 

Ditto 

Arsenuteted  hydrogen 

0-5290 

16-130 

Tromadorff 

Cyanogeo.        .... 

1-8055 

65-069 

Gay  Lussao 

Ditto               .... 

1-8188 

65-473 

Berzelius  and  Da'.ODg 

Ether  aidphiiric  (vapour) 
hydrochloric  (ditto) 

2-6808 
2-2190 

78-714 
67079 

Ditto 
Thomson 

hydriodic  (ditto) 

chloric  (ditto)    . 

5-4750 
3-4750 

166-987 
105-257 

Ditto 
Ditto 

Alcohol  (ditto) 
Turpotttinc,  oil  of  (ditto) 

1-6004 

48-812 

Berzelius  and  Dulong 

50130 

152-896 

Gay  Lussao 

Oxides. 

Aqueoua  yapour 

0-6250 

19-062 

Ditto 

Xitrous  oxide 

1-5277 

40-597 

Thomson 

Ditto 

,            , 

1-5273 

46-582 

Berzelius  and  Dulong 

Nitric  acid 

1-0416 

31-770 

Thomson 

Caibonic  ozido 

»           .           • 

0-9722 

29-662 

Ditto 

Ditto 

. 

0-9727 

29-667 

Berzelius  and  Dulong 

AdDB. 

Carbonic         .... 

1-5277 

46-697 

Thomson 

Ditto              .... 

1-6240 

46-481 

Berzelius  and  Dulong 

Clilaiocarbonic  (Phosgene)     . 
Chlorocyanic  (vapour) 

3-4722 

105-902 

Thomson 

2-1520 

65-636 

Ditto 

Fluoboric       .... 

2-3611 

72-013 

Ditto 

Fluo-siRcic     .... 

3-611 

110-138 

Ditto 

Hydriodic 

. 

4-340 

132-378 

Ditto 
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TabUi 

Names  of  Gasw. 

Speeifie 
gravity. 

Weight  of 
100  cubic 
inches. 

Authorities. 

AOIBS. 

HydTO-cyaoio  (yapoor) 

Hymmitrous 

Hydroohloxio 

l^trousMid 

Nitric 

Sulphuric  (vapour) 

0*9375 

2*6382 

1-2847 

31943 

3*75 

2-2222 

2-7777 

Grains. 
28-572 
80*465 
39183 
97*426 
114*375 
67*777 
84*698 

Thomson 

Theory 

Thomson 

Theory 

Sir  H.  Davy 

Thomson 

Ditto 

To  the  above  table  I  consider  it  desirahle  to  annex  another,  dednced  by  H.  Dnma 
from  an  ingenious  and  elaborate  set  of  experiments,  which  form  the  subject  of  hi 
memoir  "  On  some  Points  of  the  Atomic  Tlieoiy/'  published  in  the  "  Ann.  de  Ghim.  c 
do  F)i|6.,"  zxxiiL  837. 


TJLBLB  OP  THB  IMDISITIBS   (om 
TAF0I38  AXD 


GRA.VITIEB)    OF 

<Am=rl.) 


Na»e  of  Yapoor  or  Gas. 


Of 


of  pbospboius 


AneDuretcd  bTmscn 
CUkiride  of  aaictuin 
Silid-diioric  add 
GUotideof  KorHL 
Uttobmc  acid 
FsMblorideof  tin 
—-——of 

AiMk 


Deuityhj 


8716 

6-976 

4-875 

2*695 

5-9390 

3-600 

2-S1S4 
9-1997 
6-S96 


Density  bj 
Oakmlatina. 


8*6118 

6*9783 

4-8076 

2-695 

5-9599 

3-5973 

4-0793 

2-3075 

8-993 

7-047 

2.2052 

5-1839 

1-0197 

0-7487 

4-053 


i 


^br  «catt  ^t^iillt  <if  lW<<ilat  iacbos  <tf  iTMWffcirte  aa;  acadfecaa  it  the  tpecilie  gravis 
<tf  fWWi  atfcjl  ^>nftim^  baa  >>epeMw>  <if  i>cgtiaw4  layqrtMiwv.  Tbr  |nblem  is  not  yc 
adK^;  Vtt  ip»  ^fliir  «MiMfft  as  a  Am  tb»  utiftfUBit  t3us  31  grain,  or  31-0117,  a 
9tyte4  WiiMi^  a«dM«a«I^.  3r.TVr.«rVyu»  a  iz>fie  t^d  IDLKoCaD 

Jailprw  IDC.  IHnaft  «ail  Bittssax^!«alW  to^  ^le  d^inioMnun  «&  v^msb  dedaeliflB 
i^dMhv'  1^  ilMt  saVfMt  ^^MOttita  «f  ^m  lane  jiSaor  |tnA(^  nSaoiw— « itBanEe  irfiic 
iK4aui>  ^  W  ^ttnvm^d  iw^  <w(jr  Yfr  wc  tiitinaw  <ta3f  ^i^  'v^or^  ^le  i 
(yaite«^  >iia  Vr  ^bt »«' a^^inadBiaxm 
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Aooording  to  theie  philosophen,  1  litre,   or   61*02791  cubic  inches  of  air,  at 
0**  Centigrade  and  0*76  metres,  weigh 

Gnmmes.  Graint. 

BiotandArago       .        .        .       ^        .        .  1*2991  20*063 

Dumas  and  Boussingaiilt         ....  1*2995  20*066 

Kow,  0*76  metres  may  be  considered  equiyalent  to  30  inches,  although  more  coirectly 
represented  by  29*92 ;  and  30  inches  is  the  usual  standard  of  pressure  to  which,  in  this 
country,  gases  are  referred.  The  zero  of  Centigrade,  howerer,  or  the  32nd  degree  of 
Fahrenheit,  is  not  our  standard  to  which  the  temperature  of  gases  is  referred,  but 
60**  Fah.  Hence,  in  reducing  the  previous  weights  to  our  standard,  it  is  necessary  to 
make  allowance  for  the  increased  bulk,  or  diminished  specific  gravity,  due  to  the 
elevation  by  28°  Fah.  Applying,  therefore,  the  rule  already  stated,  namely,  that  gases 
expand  tar  every  degree  of  Fahrenheit  between  32''  and  212°  Ti^fth  part  of  their  bulk 
at  32°  =  (0"*  C),  or  ^^ths  of  every  degree  of  Centigrade  between  0°  and  100%  we  find 
that  at  60°  Fah.  the  one  measure  (litre)  would  have  expanded  to  1*0573  measures, 
retaining,  of  course,  its  original  ahtohtU  weight,  but  sufEering  a  diminution  in  specific 
gravity.  Hence,  if  altered  to  the  conditions  of  60°  Fah.,  the  weights  obtained  by 
MM.  Biot  and  Arago,  Dumas  and  Boussingault,  would  stand  thus  r— - 

At  60°  Fah.,  bar.  30°  or  (0*76  m.)  1*0573  litres  (64*5248  cubic  inches)  of  air 
weigh— 


Grammes. 

Grains. 

.  1*2991 

20*063 

1*2996 

20*066 

BiotandArago 

Dumas  and  Boussingault 

Consequently,  if  64*6248  cubic  inches  of  air  (60°  Fah.  30°  bar.)  weigh  20*063  grains, 
100  cMc  inches  will  weigh  31*093  grains,  by  the  proportion 

64*6248  :  20*063  : :  100  :  |?^^  =  31*093, 
64*5248  ' 

whi^  is  the  wei^t  of  100  cubic  inches  of  air,  according  to  Biot  and  Arago,  at  60°  Fah. 

and  30°  bar. ;  and  if  64*5248  cubic  inches  of  air  (60°  Fah.,  30°  bar.)  weigh  20*065 

gnuns,  100  cubic  inches  will  weigh  31*096  by  the  proportion 

64*5248  :   20*065  : :  100  :  ^^  =  81*096, 

which  is  the  weight  of  100  cubic  inches  of  air,  according  to  Dumas  and  Boussingault, 
at  60°  Fah.  and  30°  bar. 

The  Specific  Gvawity  of  a  Gas  obtained  liy  Galculation.*— It  is  usual 
in  a  stat^nent  of  specific  gravities,  especially  of  gases  and  vapours,  to  mention  whether 
the  results  are  those  of  direct  observation,  or  whether  obtained  by  calculation.  The 
direct  method  of  taking  the  specific  gravity  of  a  gas  has  been  already  detailed  (pp.  10, 1 1). 

•  The  reader  wiU  not  be  imprepared  to  be  informed  that  in  obtaining  the  specific  gravity  of  a  gas 
l(f  calculation— a  process  inyolving,  as  it  does,  so  many  different  elements  of  computation— the 
resolts  may  be  slightly  different  tram  those  deduced  Arom  actual  experiment.  The  difference,  how- 
erer, is  only,  for  the  most  part,  in  some  imimportant  decimal  place.  The  theoretical  chemist  should 
be  informed  that  the  process  of  actually  "weighing  a  gas  seldom  or  never  enables  the  operator  to  use 
with  confidenee  a  smaller  weight  than  the  -rivth  part  of  a  grain.  The  n^th  may  occasionally  be 
employed,  when  the  substance  to  be  weighed  is  trivial  in  amount ;  but  this  is  a  concUtion  not  usually 
available  in  the  process  of  weighing  a  gas  contained,  as  it  must  be,  in  a  somewhat  heavy  flask. 
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TUdi  iu4irni!i  meibfjdM  «jr«  at  Tarioas  kindi    the  twofidlowiag  being  the  mud  genflnSy 
uuiifl/yulf  uuA  Hus  m<^  uuportant 

1.  (lui/mhUid  on  tba  d«ta  of  tlie  specific  gravity  of  hydiogen,  the  atomic  yolame 
of  hydnni^m  nxid  of  tho  gas  whose  ipecific  gravity  is  to  be  detenmned.  This  process 
ttppli<;«  i/t  all  gaae«  and  rapoura,  whothcr  aimple  or  compound. 

'2.  C'aIi;ulatod  on  tbo  data  of  the  specific  gravity  of  components,  and  the  resulting 
Atomiii  volumfl  of  the  compound.  This  process  if  necessarily  restricted  to  fhe  case 
ot  oitmiuHind  gasT's. 

UmptanatVm  of  Proeem  1.— It  has  already  been  remarked,  when  discussing  the 
atoiiiiu  theory  and  laws  of  definite  eombination,  that  not  only^do  bodies  present  a 
mutual  relation  of  combining  weights,  but  of  combining  volmnes  also.  In  gases  ths 
truth  of  th«  last  proi)Oiltion  is  directly  evident  from  inspection,  and  the  law  is  further 
exteudtid  dy  inferential  reasoning.  Accepting  these  data  as  a  starting  point,  we  shall 
pruioutly  Buo  how  the  spocifto  gravity  of  a  gas  may  be  determined  by  process  Kb.  1.  In 
the  tlrst  ])laro,  lat  iia  assume  that  all  gases  possess  equal  atomic  volumes,  which  is  not 
the  caao,  but  tho  oasiunption  will  assist  the  reasoning  process.  If  this  condition  be 
obtaiiittd,  the  atomic  or  combining  volumes  of  gases  might  be  represented  by  units  of 
ouhiit  Yuhimts  oaoh  oliaraoterized  by  a  different  weight.  I  have  applied  the  remaik  to 
thrtu)  gAHim  uudornuath. 


UydwgvMi  I     Niti'ogcn 

1       :  i       14 


Chlorine 
35 


Tho  weights  it  will  bo  observed,  are  the  rt»spcctivc  atomics  eights  of  the  gases,  hut 
thv^y  e\j\\\\»s  nUv^  tho  \tktio  of  axv>eifle  gravity  between  the  same  gases ;  and  if  hydrogen 
bv»  ukow  i\a  the  m\\t  of  ajHvilio  gravity  for  g.\sos  instead  of  atmospheric  air,  then  no 
f\u  thoi*  e*KuUt\vM\  w\n\ld  W  re^juirpd,  I»«i  if  a  volume  of  atmospheric  air  be  taken  as 
th«e  uuit  of  sjv^ntU^  jijravity  f^r  ga^ojk  as  is  nsual*  then  a  volume  of  nitrogen  will  no 
IsWK^^T  W  Amrie<en  tinuN»  heavier  than  \aatT ;  a  volume  of  chlorine  thirty-six  timei 
^A^\  xv>\\  sVe, ;  but  >,>avxor  in  the  rativ*  that  the  see^^nd  5t::ndard  of  unity  (atmoepheric 
A.;^  \3^  V\A\\0Y  5h.u^  ;iv  dr&t  yhy^lrM^r,\  Xow  ihc  number  e^pressfr^  this  ratio  i« 
; y.At  s\f  I h>>  *\\\  \?.o  i rA\  ity  of  >.Ydw«*a  r,^lVr--c  to  itn .^^leri :  sir  is  -.inity.  Accepting 
sii^  ai^*^'  4V«Y^rr  wt  hYd^:^^»  *»  iMN>;^X  why^h  hw*s5  eiesdsts  rsssiBe  it  to  be,  this 
\  a;v,^  U  as  ;:Co>t»  *  — 

Svvv^iv^  i;\^\*>- oi  Vy•ir^,>i^^  T\^>^  -  .        -        .  S' 

V:*,>£K.w  w<\ji^t  ^^i"  JTi*  'v^.tjc  >^vci**  ^Tiviry  L>  t^  ^:  ';-.,r^":i;i  k- 

V"j^J5c^,^fr.-x\i  s>\~.' i^^'tr  .-:  ri5>y  -  - 

NX  ,^  Vaxi» 
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1 ;  14 ;  95,^wMoli  oUiar  figuM  ato  thoM  indiealing  tlie  NfpeotiT«  specific  gravi- 
asfollowi: 


Chlorine 

35 

or 

2-426 


imnbers  0*0693,  0*9702,  2*425,  being  respectively  the  products  of  the  atomic  weight 
e  gas  to  te  cfetermined,  and  the  specific  grayity  of  hydrogen. 
Apposing  the  gas,  whose  specific  gravity  might  be  desired,  possessed  only  half  the 
ic  Tolnme  of  hydrogen — as  is  the  case  with  oxygen — ^then  the  ratio  would  be 
seated  as  followB : — 


.Oxygen 

8or 

11088 


Or,  (S:S'::2w:x)=:  ^    g^  =  x). 


Ty/or  gases  whose  atomic  volume  is  half  that  of  hydrogen  gasy  the  speeifie  gravity  of 
gen  multiplied  by  twice  the  atotMO  weight  of  the  gasy  gives  theepeeifie  gravity  of  the 

pplying  this  operation  to  the  present  case,  we  have 
00693X(2x8)^^.^P3g 

gain,  supposing'^the  gas,  whose  specific  gravity  might  bo  desired,  possessed  twice 
x)mic  volume  of  hydrogen — as  is  the  case  with  ammonia  and  many  others—then 
Lould  have  the  ratio 


junmonia 

15 

or 

0-5895 


Or,  (S  :  S' 


a-*^)  = 


,S'X  w. 


=(^^w^)=' 


r,  for  gtues  whose  aUmie  volume  w  twiee  that  ef  hydrogmy  the.  aipee^  gravity  of 
*gen  mtOtiplied  by  the  atomic  weight  of  the  gas,  divided  by  two,  gives  ihesjpeeifiegnmiy 
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Applying  the  operation  to  the  case  of  ammonia,  which  is  a  compound  of  three 
atoms  of  hydrogen  and  one  of  nitrogen  condensed  into  two  Yolames,  we  haye, 


Three  atoms  of  hydrogen 
One  of  nitrogen    . 

One  atom  of  ammonia . 


Weight. 

3 

14 

17 


Then,  applying  the  rule,  we  have  Q'^^^^X  ^^  —  0-5895 ;  hence  0-5895  is  the 

specific  gravity  of  anmionia ;  air  heing  1. 

Explanation  of  Process  2. — ^The  second  process  of  calculating  the  specific  gravity  of 
a  gas  or  vapour,  and  which  applies  exclusively  to  compoimds,  will  readily  be  xmder- 
stood  from  the  following  general  description  : — ^If  two  gases,  on  combining,  experienced 
no  alteration  of  atomic  bulk,  then  it  is  evident  the  mean  of  the  specific  gravities  of  the 
two  components  would  be  the  specific  gravity  of  the  compound.  This  is  the  case  when 
hyttrogen  imitea  with  chlorine  to  form  hydrochloric  acid.  Two  equal  volumes  unite 
without  condensation ;  hence  the  specific  gravity  of  hydrochloric  acid  mnst  be  the 
specific  gravity  of  hydrogen,  plus  the  specific  gravity  of  chlorine  divided  by  two,  or 


Sp.  gr.  hydrogen 
Sp.  gr.  chlorine 


(H)693 
2-425 

2-4943 


Twice  thd  sp.  gr.  of  hydrochloric  acid 
Therefore  the  sp.  gr.  of  hydroehloric  acid  is  1*247. 

The  case  may  be  further  illustxated  by  means  of  the  accompanying  diagram— 

1  vd.  of  Hydrogen  and  limite  without  condensati^  (  2  vds.  of  Hydroddoric  Add. 
1  of  Ghlorme  )  and  form  (  '' 


t 

^ 

Hydrogen 

/ 

1 
or 

Hydrochloiie 

-0693 

Add 

/    =    ( 

I 

36 

Ghkrine 

or 

35 

2*4^43 

<Kr 

2-425 

1 

I 

1 
I 

In  many  instances,  iMnrever,  two  gases,  wtea  ttflT  enter  into  cQBihinatkH^ 
a  conbaeikiiu  diftoring  in  ratio  iar  diffarent  efMBtbinatkuw.     Knowing  the  ratio,  and  also 
^e  specific  gniETitT  of  ^e  coaititifntB,  it  ia  casr  to  dadoce  ^e  speetfie  gmity  of  the 
TCSoKnig  CQa^p<MM»    xTOnnstona^— 

T1n«9  toIqdmw  «f  hydroffes.  by  utitiBg  with  caw  vohose  of  nitrogen,  cuBsmtttft 
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ammonia ;  but  the  refult  only  occupies  two  yolumes,  not  ^four,  as  repreeented  by  the 
following  diagram :— 


Nitrogen 
14 

Hydrogen 

1             1 

or 
0^702 

or 
00698 

Hydrogen 

1 

1      •'' 

i          00693 

Hydrogen 
1 

or 
0-0693 

Ammonia 

.17 

or 

0-589 


Hence  the  specific  gravity  of  ammonia  will  be  the  result  of  the  sum  of  three  times  the 
specific  gravity  of  hydrogen  and  once  the  specifio  gravity  of  nitrogen,  divided  by  two,  or 
(3  X  '0693)  +  0-9702  _.  ^,^^^ 
2  ^  * 

It  is  obvious  that,  as  the  specific  gravity  of  compound  gases  may  be  deduced  from 
a  consideration  of  the  specific  gravity  of  their  elements  and  the  final  volume  of  com- 
bination, so  a  parallel  result  may  be  arrived  at  by  accepting  as  data  the  weight  of 
given  volumes  of  component  gases  and  the  final  volume  of  the  combination.  This 
gives  us  the  weight  of  a  volume  of  the  compound,  from  which  its  specific  gravity  can 
be  deduced.  Thus  it  is  evident  that,  inasmuch  as  hydrochloric  acid  is  a  compound  of 
one  volume  of  chlorine  and  one  volume  of  hydrogen,  without  condensation,  its  specific 
gravity  will  be  a  mean  proportional  between  the  sum  of  the  weight  of  equal  volumes  of 
its  constituent  gases.  Now,  inasmuch  as  100  cubic  inches  of  chlorine  weigh  77*33 
grains,  and  100  cubic  inches  of  hydrogen  0*214  grains,  it  follows  that  the  weight  of 

77-33  -^  0*214 
100  cubic  inches  of  hydrochloric  acid  should  be  = ^ =  38*55 ;  whence 

we  deduce  its  specific  gravity  by  the  proportion 

31  :  38-55  : :  1  :  ^^'^l^  ^  =  1-24. 

PiopaztlM  of  OaMS.--I.  AH  tolid  bodies^  thatpouess  a  certain  degree  of  porosity ^ 
are  eapeM  of  eAtorhing  ^mm.— This  was  first  observed  in  charcoal,  the  power  of  which 
to  condense  different  gases  will  be  fully  described  in  the  section  on  that  substance.    It 
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has  beon  found,  also,  by  Saussure,  jiin.,  to  belong  to  a  stone  called  meerschanra,  to 
adlioBivo  HlatO)  asbestos,  rock  cork,  and  other  minerals ;  and  to  raw  silk  and  wool. 
Tho  following  general  principles  are  deducible  from  the  experiments  of  Saussnre.* 

1.  It  is  necessary  to  deprive  the  solid  of  the  air  which  it  naturally  contains.  When 
of  a  nature  not  to  be  injured  by  heat,  this  is  most  effectually  done  by  igniting  the 
solid,  and  quenching  it  imder  mercury,  where  it  is  to  be  kept  tiU  admitted  to  a  given 
yoluino  of  the  gas  to  be  absorbed.  Solids  that  are  decomposable  by  heat  may  be 
deprived,  though  less  effectually,  of  air,  by  placing  them  under  a  receiver,  which  must 
tlien  bo  exhausted  by  the  air-pump. 

2.  Tho  same  solid  absorbs  different  quantities  of  different  gases.  Charcoal,  for 
instance,  condonses  90  times  its  bulk  of  ammoniacal  gas,  and  not  quite  twice  its  bulk  of 
hydrogen. 

3.  Solids,  chemically  the  same,  absorb  different  quantities  of  the  same  gas,  ac- 
cording to  their  state  of  mechanical  aggregation.  Thus  the  dense  charcoal  of  box- 
wood absorbed  7  J  volumes  of  air ;  while  a  light  charcoal,  prepared  from  cork,  did  not 
absorb  a  sensible  quantity. 

4.  Different  solids  absorb  different  quantities  of  the  same  gas ;  the  quantity  of 
carbonic  acid  absorbed  by  charcoal  being  about  seven  times  greater  than  that  absorbed 
by  mocrschaum. 

t).  AVhen  tho  solid  exerts  no  chemical  action  on  the  gas,  the  absorption  is  termi- 
nattxl  in  24  or  36  hours. 

6.  Tho  etRM?t  of  moistening  the  solid  is  to  retard  the  absortion  and  to  f^iminiHTi  its 
amount  ;  and  when  a  gas  has  actually  been  absorbed  it  ia  again  driven  out  unchanged,  I 
jwCrtly  by  water  of  tho  ordinary  temperature,  and  entirely  by  exposure  to  a  boiling  i 
boat, 

7.  Ihning  tho  absorption  of  a  gms  by  a  solid  the  temperators  of  the  latter  tisbs 
several  dogreeSt  and  this  rise  bears  a  proportian  to  the  absoibabilHy  of  tiie  gas,  and  tiie 
rs\pivUty  with  which  it  is  condensed. 

8.  Solids  cvmdenso  a  greater  number  of  volumes  of  the  more  absorbable  gases 
under  m  r«ro  than  undkar  m  dense  atmoq^hete ;  but  if  the  absorptioii  be  redxmed  by 

I    w«ight^  it  is  most  conaidetaUe  under  the  laittcr  state. 

[  9.  When  a  solid  saturated  with  any  one  gas  is  introdufled  into  an  atmosphsKe  of 
j  any  other  g«i»  a  portion  of  tha  first  is  expdled,  and  a  part  of  the  seooud  takes  its 
j    place. 

II.  twMWs  ar»  aJkwrWfy  ligmih — On  this  subject  the  lollavii^  general  prindpkB 
may  be  laid  di>wn : — 

1.  The  same  liquid  absorbs  didleivAt  quantitiea  of  difotent  gases.  Thus  water 
tabs  up  its  own  bulk  of  oovboiiio  acid*  and  aot  one^fifkieth  of  iu  bulk  of  hydrogen 

2.  Pid^.^rvnt  liv^uids  absctb  diSewnt  quantities  of  the  same  gas.  Alcohol,  for  in- 
$!:Ar.v\\  absorbs  almotst  twice  as  much  carbonic  acid  as  is  taken  i^  by  an  equal  volume 
ojf  >r*ter. 

?,  Tho  absorption  t?  proclo^;^i  by  fixsl  firtviug  the  liquid  from  air.  either  by  long 
vViitinued  K^ilic^  in  a  vessel  with  a  narroxr  neek.  or  by  the  air-pump.  It  requires, 
iL5<\  brisk  aasi  lon^  eontisLued  a^tatieru  especially  with  the  less  abeorbal4e  gases. 

4.  It  (leys  cot  appear  dsat  tike  cases  are  absorbed  by  aS  Bqui^  in  tbe  same  order. 
For  e3auapK\  of  Ibar  cases,  najfettta  absorb*  most  de^Kcit  sm :  oil  of  laiTender  most 
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nitrous  oxide ;  oliye  oil  most  carbonic  acid ;  and  solution  of  hydrochlorate  of  potasaa 
most  carbonic  oadde. 

5.  The  Tifioidity  of  liquids,  though  it  docs  not  much  influence  the  amount  ab- 
sorbed, occasions  a  longer  time  to  be  spent  in  effecting  the  absorption.  On  the  other 
hand,  the  amount  of  any  gas  which  is  obsorbed  by  water,  is  diminished  by  first  dis- 
sdving  in  the  water  any  saline  substance. 

6.  In  general,  the  lightest  liquids  possess  the  greatest  power  of  absorbing  gases ; 
whereas,  when  there  is  no  eyident  chemical  action,  the  heaviest  gases  are  absorbed 
most  copiously  and  rapidly  by  the  same  liquid. 

7.  The  temperature  of  a  liquid  is  raised  by  the  absorption  of  a  gas  in  proportion  to 
the  f^m^i^nf  and  the  rapidity  of  the  absorptioQ, 

8.  In  all  liquids  the  quantities  of  gases  absorbed  are  directly  as  the  pressure.  For 
example,  a  liquid  which  absorbs  its  own  bulk  of  gas  under  the  pressure  of  the  atmo- 
sphere, will  still  absorb  its  own  bulk  of  the  same  gas  under  double,.triple,  &c.  pressure ; 
but  its  own  bulk  of  gas,  twice  compressed,  is  equal  to  double  its  bulk  of  gas  ordinarily 
compressed,  and  so  on.  The  proofs  of  this  Law  have  been  giyen  at  length  in  the  *' Philo- 
sophical Transactions''  for  1803,  by  the  late  Dr.  Henry. 

9.  TSThen  water,  or  probably  any  other  liquid,  is  agitated  with  a  limited  quantity 
of  any  mixtore  of  two  gases,  it  docs  not  absorb  one  gas  to  the  exclusion  of  the  other, 
but  absorbs  a  portion  of  both.  In  this  case,  the  density  of  each  gas  in  the  water  or 
tiqiud  has  a  constant  relation  to  that  without,  fwr  the  same  gas.  Thus  in  carbonic  acid 
gas,  the  density  is  the  same  within  and  without  the  water ;  in  olefiant  gas  and  phos- 
]^iureted  hydipgen,  the  density  within  is  l-8th  of  that  without ;  in  oxygen  and  car- 
bureted hydrogen,  &c.,  the  density  within  is  l-27th  of  that  without ;  in  azote  and 
hydrogen,  it  is  about  l-50th,  according  to  Dalton,  though  he  originally  stated  it  to  ho 
l-64th,  under  the  impression  that  the  distances  of  the  particles  within  were  always 
some  multiple  of  those  without.  This  concise  enunciation  of  the  general  law,  deduced 
by  Hfr.  Dalton  from  his  experimental  inquiries,  will  be  better  understood  by  the 
illustrations  contained  in  a  paper  published  in  the  "  Annals  of  Philosophy,"  yii.,  216, 
where  the  reader  will  find  a  formula  for  ascertaining  the  quantitieB  of  mixed  gases 
absorbed  by  water. 

The  principle  on  which  gases  are  absorbed  and  retained  by  liquids  has  been  a  sub- 
ject of  controversy.  By  BerthoUet,  Thomson,  Saussure,  and  the  generality  of  chemists, 
it  is  ascribed,  in  all  oases,  to  the  exertion  of  a  chemical  affinity  between  the  gas  and  the 
liquid ;  but  is  is  contended  by  Mr.  Dalton  and  myself  that  the  effect  in  most  coses  is 
chiefly,  if  not  wholly,  mechanical.  The  discussion  would  lead  me  into  details  of  too 
great  a  length ;  and  I  refer,  therefore,  for  a  full  statement  of  the  argument,  to  two 
papers  which  I  published  in  the  8th  and  0th  volumes  of  "  Nicholson's  Journal ;"  to 
Mr.  Dalton's  "  New  System  of  Chemical  Philosophy  •/'  and  to  his  essay,  in  the  7th 
vdumeof  **Dr.  Thomson's  Annals/'  which  contains  a  reply  to  the  objections  advanced 
against  the  mechanical  theory  by  Saussure,  in  the  6th  volume  of  the  same  work.  This 
r^ly  seems  to  have  unaccountably  escaped  the  notice  of  several  writers  (Berzclius,  for 
instance),  who  oentinue  to  urge  the  objections  of  Saussure,  after  they  have  been  fully 
and  satisfactorily  answered  by  Mr.  Dalton.  An  essay,  by  Mr.  Graham,  on  the  absorp- 
tion of  gases  by  water,  in  the  12th  volume  of  "  N.S.  of  Ann.  of  Phil.,"  is,  however, 
deserving  the  reader's  attention. 

m.  Otues  ham  «  mutual  tendency  to  diffusion  through  each  other. — ^This  operates  to 
such  a  degree,  that,  if  two  different  gases  are  placed  in  communication,  either  with 
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largo  surfaces,  or  by  a  narrow  tube  connecting  two  receivers,  each  containing  a  dif- 
ferent gas,  they  are  found,  after  a  sufficient  time,  to  be  intimately  mixed.  This  happens 
oven  when  the  gases  have  very  different  specific  gravities.  In  this  case  the  lighter, 
though  placed  uppermost  at  first,  gradually  descends,  and  mixes  with  the  heavier,  and 
the  reverse.  A  striking  instance  of  this  Idnd  will  be  given  ^in  speaking  of  hydrogen 
gas.  From  the  observations  of  Mr.  Faraday,  it  appears  that  gases  kept  over  mercury, 
or  in  bottles  closed  by  well  ground  stoppers,  gradually  exchange  places  with  the 
external  atmosphere,  and  are  not  to  be  relied  on  for  their  purity  after  along  interval  of 
time.* 

Ddberoinor,  Mitchell,  and  Graham,  especially  the  latter,  have  also  studied  the 
phenomena  of  mutual  gaseous  diffusion,  which  have  been  referred  by  Mr.  Graham  to 
the  agency  of  one  general  law,  viz.  **  that  the  diffusion,  or  spontaneous  intermixture 
of  two  gases  in  contact,  U  effected  by  an  interchange  in  position  of  indefinitely  small 
volumes  of  the  gases,  which  volumes  are  not  necessarily  of  equal  magnitude,  being  in 
the  case  of  each  gas  inversely  proportional  to  the  square  root  in  the  density  of  that 
gas."  Hence  the  relative  diffusiveness  of  two  gases  are  expressed  by  the  reciiuracals  of  the 
square  roots  of  their  densities.   Thus  the  density  of  air  being  1,  its  diffusiveness  is  also  1 ; 

the  density  of  hydrogen  being  0*0693,  its  diffusiveness  is  ^00^93  =  0-2633 ^^ ^^ 

the  density  of  ammonia  being  0*5898,  its  diffusiveness  is  ^Q.gg^g  ^^  0-7681  ^^^'^®* 
Honcei  if  hydrogen  and  ammnTtim  be  placed  under  eircumstances  favomiDg  their 
mutual diflfuaitw,  456  volumes  of  hydrogen  will  change  place  with  1*30  of  ammonia; 
and  so  on  ^  all  other  gases. 

IV.  PilMily*  ^  Om$(s.^Th»  v^ocities  with  iriiich  diffeiqut  gases,  when  condensed 
artificially  by  the  same  degrc«  of  pressure,  escape  through  a  capillary  tube,  has  beoi 
shown  by  Mr.  Faimday  to  vary  vcxj  consideiahly.t  The  foUowing  table  ezhibitB 
th<^  CHNttparative  tim«s  i^uircd  by  some  of  the  gases  to  escape  from  a  vessel  in  whidi 
th^T  w«(«  all  equally  compressed  at  the  outset,  till  their  density  anived  at  an 
SLtiiMsphcie  and  a  quarter. 

Oarhonic  acid  r«quini!d 156*5  minutes. 

OMantgas 135*5 

CkMUfeoa  air 12S 

OmI$m 106 

Hy^>$cn 57 

TSctsc^  tiMfewncw  ce<ee  t»  cxibl  at  lawpressttres;  loreq;aBalT*ol3Bkesof  hydztigenand 
\>k6a;£:  ipisi^pftsst^l  ihiv>«j|:h  the  isame  tuhe^  a:  equal  low  prassszes,  in  ahaost  the  same 

c«iT«  <CfSiMq[<4  aSMtl  €kK«^  tbaes  Moie  qukldy  than  ttMe&ans  gats.  laaeasing  the 
|«>e«s«Lt^^sttfii^|«v^>ttMifeswiecec^^^  cad  aib\t^di^»attt»tli»saBK  degree, 
w^MCi  tSi^  $*»»  w«e  cxfxiM  ^TiMigh  slifes  cut  by  a  fteakaife.  Kxk  ^aas  and  metil 
t^tiW  ^>ihK«(4  t^  <il^<t..  a&i  it  wia  ke^^fioaed  »  ibe  gas  w»  sa^  to  paas  moie 
$^vv^  Oa\yi|||i  tibe  t;KVN  a»d  das»  wWUwn  ^W  Macreawii  unt  was  canaed  faJdinli- 
lalMl{|^(«sMX^lMx«4lSl^ikl^^of«&^e^«^  T2fe»  ^ecific  gravity 
^  ^  ^^lasitt  sMtts  ii»  htax>^  »j!»  iiJfeMaMv  te  «ikVwx  a<ai.  oM^ias.  a^l  «^geng»ses, 
«ate  ^  sKtte  fniNsiMte  a^i  <i^Wir  <i|«il  dKwmGttaKtt,  :ieq[:is«^  sHipecliTdy  4'  6^, 
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3*  3",  and  (T  45^,  fbr  the  escape  of  the  same  quantity  of  gas ;  numbers,  as  will  be  seen 
from  the  foregoing  Table  of  Specific  Gravity  of  Gkues,  bearing  no  proportion  to  their 
idatiTe  weights.  What  is  singular  in  these  results  is,  that  the  ratio  for  the  same  gas 
Tsries  with  the  pressure,  and  that  this  yariation  differs  in  different  gases.  Thus  the 
one  which  passes  with  the  greatest  fkcility  at  low  pressures,  passes  with  the  least  at 
hi^  pressures* 

This  iuTestigation  has  been  pursued  and  extended  by  M.  Girard.*  He  was  per- 
mitted to  use,  for  his  experiments,  the  gasometer  and  pipes  belonging  to  one  of  the 
gas  lighting  estabUshments  at  Paris.  The  gases  operated  upon  were  common  air  and 
cari)uieted  hydrogen,  which,  when  allowed  to  escape  at  different  distances  from  the 
gasometer,  through  equal  apertures  in  a  three-inch  pipe,  and  under  the  same  pressure, 
gave  the  following  results : — 

The  distances  being 1288,  3758,  6228 

The  quantities  of  carbureted  hydrogen  were  1281,    710,    641 
Ditto  of  common  air     ...        .    902,    541,    394 

The  escape  of  carbureted  hydrogen,  therefore,  oonsiderably  exceeded  that  of  common 
air,  but  not  in  proportion  to  its  inferior  specific  gravity,  which  is  not  much  more  than 
half  that  of  the  atmosphere,  while  the  excess  in  the  escape  of  the  lighter  gas  is  far 
from  being  double  that  of  the  heavier.  Similar  results  were  obtained  when  the  gases 
were  expelled  through  tubes  of  seven  lines  in  diameter,  or  through  an  aperture  in  the 
aide  of  the  gasometer,  the  lighter  gas  being  discharged  in  both  cases  the  most  abun- 
dantly. In  the  latter  case,  each  gas  escaped  eleven  times  fewter  than  when  it  had  to 
traverse  a  tube  of  the  same  diameter  as  the  hole,  and  127  metres  in  length*  In  all 
cases,  equal  quantities  of  gas,  in  any  one  experiment,  escaped  in  equal  times. 

These  phenomena  of  tiio  movement  of  gases  through  pipes,  M.  Girard  shows,  arc 
exactly  the  same  as  those  of  the  linear  movement  of  incompressible  fluids ;  and  he 
draws  several  conclusions,  which  are  important  to  those  practically  engaged  in  opera- 
tions that  i^uire  the  transmission  of  gases  through  long  tubes ;  for  which^  however, 
I  must  refer  the  reader  to  the  memoir  itself. 

Y.  The  colour  of  tho  electric  apark^  when  transmitted  through  different  gases,  has 
been  observed  by  De  Grotthusf  to  be  as  follows : — 

In  atmosph^c  air  of  doublo  density,  the  spark  was  more  brilliant,  but  not  colonred. 

In  hydrogen  gas purple. 

—  phosphureted  hydrogen red. 

—  ammonia red. 

—  dry  carbonic  acid  gas violet. 

—  oxygen  gas violet. 

—  aqueous  vapour orange. 

—  vapour  of  ether  )  ««i„^^„  ^««« 
-di^ofdcoholJ coladon  green. 

The  general  inference  from  his  experiments  is,  that  the  intensity  of  electric  light  is 
always  in  a  direct  proportion  to  the  density  of  the  gas,  and  in  the  inverse  proportion  to 
the  conducting  power  of  the  gas  for  electricity. 

YI.  The  comparative  soniferow  properties  of  the  gaeee  have  been  determined  by 
Messrs.  Kerby  and  Meirick ;  but,  as  these  belong  rather  to  mechanical  than  to  chemical 
•  "Ann.  de  Chim.  et  de  Phy8.»'  xTi.  129.  +  "  Ann.  de  Chlm."  Ixxxu.  34. 
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ittilMimi  i  niiftU  (nmUsai  myidf  with  referring  to  tlie  acooimt  of  them  in  tiie  twvoly- 
Mfivftriiii  ftnd  Uiirty-tbird  yoltimci  of  '*  XicholBoiL'g  Journal,"  and  in  the  farfy-£fiih 
voltim<i  (ff  iiuj  **  I'iiiloMopbical  Magazine ;"  and  to  2Ir.  Leslie's  paper  on  aonnds  excited 
in  hytlrttpitm  gft«.* 

Of  th«  Ayputttiu  for  SsLpeximents  om  the  Gases. — ^For  perfazming  tbfi  | 
tioririMMary  nxpnrimonlH  on  gases,  many  articles  of  apparatus  are  essential,  that  have  { 
fiot  liiihiirto  \K}im  described.    It  may  assist  the  student  in  obtaining  the  neoessary 
iiiMirurixiiitN  if  a  tow  of  tlio  most  essential  be  here  enumerated.    In  this  place,  however, 
I  slifill  luontioii  Huch  only  as  ore  necessary  in  making  a  few  general  experiments  on 
that  intflriiNiiiig  cIuhn  of  bodies. 

T\w  uj)]mrntuH  roquirod  for  ezporimcnts  on  gases  consists  partly  of  Teasels  fitted  for 
fotiliiiiiiiiK  tb(*  miitcriiilM  thill  afford  them,  and  partly  of  vcssels^ads^tedforthereoqptum 
oC  ^iinnH,  1111(1  fur  Nulxtiitiing  thorn  to  experiment. 

1.  I''<»r  procuring  mwh  gases  as  are  produ'ciblo 'without  a  very  strong  heat,  glass 
botth»H,  furnished  with  ground  stoppers  and  bent  tubes,  are 
sufficient.  Of  these  several  will  bo  required,  of  different  sizes 
nud  sliapos,  adapted  to  different  purposes.  If  these  cannot  be 
])ro(*unMl,  a  Florence  flask,  with  a  cork  perforated  by  a  bent 
glaas  tulH),  or  c\'cn  by  a  leaden  pipe,  will  serve  for  obtaimng 
Homo  of  the  gases. 

I  Those  gases  that  require  a  red  heat  for  their  liberation, 
may  be  procured  by  exposing  to  that  degree  of  heat  the  snb- 
iitauoo  oaitablo  of  aifin?ding  them,  in  earthen  retorts  or  tabes; 
or  in  a  gun  barrcL  the  touch-hole  of  which  has  been  aecor 
ratolr  ^duggtnl  by  an  iron  pin.  To  the  month  of  the  barrel  most 
Ikc  ntHxtnl  a  glasa  tube«  bent  so  as  to  conTey  the  gases  wherever 
tiH\v  may  Ix*  n>qmsite. 

A  A-vn*  innn-miont  apparatus,  &r  obtaining  soch  gases  as 
("annvH  U^  di«en|!:«gv.\l  without  a  ivd  heat,  eoDsLsts  of  a  wtdu^^ 
iivu  u\orv*ury  K^tth\  w  which  is  &nnly  screwed  about  two 
and  a  half  &vc  of  irvrn  »::«$  tube,  as  represented  in  the  diagram. 
TUi^ji  ir\'u  r^^tort*  as  it  nt;jky  b«e  called,  is  paitimlariy  uaefol 
in  iW  o^K^nfttivxn  ot  v^c;umttg  oxyscn  by  expodng  hLuk  oxide  of 
uiA».V<?,ni*(?x"  to  ho*:. 

rhc  c\:r\^r.ii:y  ^V  Torrturtatcs  in  a  screT.  to  which  a  tube  of 
U^viisl   ov    '.v^fcror  \"lr,v    4::ioh-.>I  by 


It 


:  vrr,,' 


*5  tX*^  vvi*^  iwv^i  i» '.  :i  xr^'ti'^i  «mwccc^  ^ .-'.  Cxi»fK 
xiVw^t'i  V  '?w*t«>i  *^:>.  >rjt»  v*7«k  a»i  Svtvw^ 

V  .\   ,  iv^ttt   >iiai  uL-rk  jc  Aiwca,'   X'CC:  js.    sJj,  •  M 
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pu^oae  of  tmnaferEJug  gaaes.  Theso  jsTt  vUl  sito  be  fiaund  eKtremedf  useftil  in 
uqimiiieQt*  on  tlie  pri^^perti^t  <yid  dfeob  of  th«  gmie&  SoimQ  of  fhem  ^uid  !)« 
gradwitied  inio  cubical  inohea.  It  is  iiii|K)rUnt  that  jaffl  xmdd.  for  coutaininf  guea 
shauld  be  peHbcflj  Iroe  £tt>iii  ert^^k^  tbraugh  wbidi,  even  whm  icarcely  peroopl]ble« 
flomo  of  the  giiao«,  ojjpecially  hydrogen,  bttTtf  been  fbuad  by  Doobensmfir  to 
eK&pe.* 

To  eoutain  tbese  jar^^  wbea  in  ubo,  a  VBea^l  will  bd  noocaeaff^  capable  of 
holdiiig  a  faw  gallonB  of  water.  TJiU  may  cttbtir  be  of  n  ood,  if  of  oonsidecable  lixe ; 
or,  if  mullf  of  tm,  j«|iaimed  or  palutsd.  Ila  sue  may  Tary  with  Uiat  of  th«  jcra 
employod^  sndy  about  two  ot  IJit^  iacbea  &om  the  topi  it  ahould  have  a  ahdf,  on 
whkb  tiifl  jan  may  bo  placed,  when  filled  with  oiri  without  tlie  mk  of  bcixig 
(?T@rset.  In  tbit  ib«lf  thoidd  ba  a  few  «iudl  holea,  to  which  inyerted  fcumdfl  may  bo 
floldei^d. 

Tu7>es  of  Fajious  forms  and  aijcs,  some  of  th&m  aecmratcly  graduated  into  hiiu- 
dtedtha,  and  othera  into  tenths,  of  a  cubic  iucb,t  aro  quito  OMeatial  to  thoee  who  wort 
much  on  ^eeous  ffubfitaBcea.  Eeeide  tbfiie,  the  cxporimcntalist  should  be  futfushcd 
with  air--fimnel%  for  transferring  gft»e^  from  wid<^  to  narrow  yossels. 

An  apparatufl,  almost  mdiapoBsahle  in  e^xperimenti  on  this  cloaa  of  hodioB,  is  a 
gMwomttBTf  which  enables  the  ohemiit  to  coEect  and  to  preserYe  large  qmmtitiea  of  gas, 
with  the  aid  of  only  a  few  pound  a  of  water.  lu  th0  form  of  tMfi  apparatai  there  is 
oonsiderabb  variety ;  but,  at  present,  I  have  no  efcr  Ticw 
than  that  of  explaining  Hm  genoral  construction  and  use.  It 
eon^Ca  of  an  outer  fixed  TeflBel,  d^  and  an  iniier  morcablo 
oa&j  9j  both  of  j&ponnod  iron.  The  latter  aEd«3ii  easily  up 
and  down  within  the  other,  and  i^  suspended  by  cords  pSiesmg 
orer  pulleys,  to  which  ar&  attached  the  courttetpolsea,  e  e. 
To  a.Tmd  the  incumbrance  of  a  great  weight  of  water,  the 
fijced  veaeel  d  is.  made  doubh?!  or  la  eompoacd  of  two  cylin- 
deny  the  inner  one  of  wbioh  is  closed  at  the  top  and  at  the 
hott^un*  The  space  of  only  about  half  an  ini^h  is  left  botweon 
the  two  cylinders,  aa  ahown  by  the  dotted  hni^.  In  this 
apace  the  hollow  vesad  c  may  moTO  freely  up  and  down. 
The  interral  is  filled  with  water  as  high  as  the  top  of  the 
inner  cylinder.  The  cup,  or  lim^  Ri  the  top  of  the  outer 
yesecilf  is  to  preyent  the  water  from  OTcrfiowing,  whei^  ihe 
vc^el  *?  ifl  forcibly  preaaed  down,  in  which  situation  ft  ii 
placed  whenever  gaa  is  ahont  to  be  collected*  The  gas  enters 
from  the  YOssel  in  which  it  is  produced  by  the  comninnicatiDg 
pipe  ^,  and  paases  along  Um  perpendieukr  pipe  mazked  by 
dtrtted  lina»  in  the  centre,  into  the  cavity  of  the  vessel  «f,  which  cantinues  riaiag 
tin  it  ia  fill!,  when  it  is  stopped  by  the  Cfoaa  bar  to  which  the  pulleys  are  attaohed. 

To  transfer  the  gas,  er  to  apply  it  to  any  purpose,  the  eock  d  is  to  be  shut,  and  an 
empty  bladdeir,  or  bottle  of  elastic  gum,  fainiahed  with  a  stop*cocik,  to  be  screwed  on  a. 
When  the  veaiel  e  is  pressed  down  by  the  hand,  the  gas  passes  down  the  central  pipe, 
wMeh  it  had  before  ascended,  and  its  eacape  at  *  being  prevented,  it  finds  its  way  np 
%  Tertieal  pipe,  which  is  fixed  to  the  outer  surface  of  the  vessd,  and  which  is  terminated 
by  the  cock  ».  By  means  of  an  ivory  mouth-piece  screwed  upon  this  coek,  the  gas, 
•  "Ann.  de  <Mm.  et  de  Phys."  xiIt.,  33£.  f  Sea  Famday  oa  Hanip,  \  112. 
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included  in  the  inttmment,  may  be  respired,  the  nostrils  being  closed  hy  the  fingers. 

When  it  is  required  to  transfer  the  gas  into  glass  jars  standing  inverted  in  water,  a 

crooked  tube  may  be  employed,  one  end  of  which  is  screwed  upon  the  cock  b,  while 

the  other  aperture  is  brought  under  the  inverted  funnel,  fixed  into  the  shelf  of  the 

pneumatic  trough. 

Several  alterations  have  been  made  in  the  form  of  this  apparatus,  but  they  are 

principally  such  as  add  merely  to  its  neatness  and  beauty,  and  not  to  its  utility ;  and 

they  render  it  less  easy  of  explanation.    The  counterpoises  ^  d  are  now,  for  example, 

generally  concealed  in  the  framing,  and  the  moveable  vessel  e  is  frequently  made  of 
glass.  In  some  delicate  experiments  of  research,  it 
may  be  necessary  to  obtain  a  current  of  gas,  issuing 
with  a  imiform  velocity,  and  under  a  pressure  con- 
stantly the  same.  Such  an  apparatus  was  employed 
by  Delaroche  and  B6rard  in  their  researches  into  the 
specific  heat  of  the  gases.*  Its  principle  is  explained 
by  M.  Biot,  in  his  "  Traite  de  Physique,"  tome  i. 

"WTien  large  quantities  of  gas  are  required  (as  at  ik 
public  lecture),  the  gas-holder  will  be  found  extremely 
useftJ.  It  is  made  of  tinned  iron  plate,  japanned  botii 
within  and  without.  Two  short  pipes,  a  and  c,  ter- 
minated by  cocks,  proceed  from  its  sides,  and  another,  b, 
passes  through  the  middle  of  the  top  or  cover,  to  which 
it  is  soldered,  and  reaches  within  half  an  inch  of  the 
bottom.  It  will  be  found  convenient  also  to  have  an 
air  cook,  with  a  very  wide  bore,  fixed  to  the  funnel 
at  b.    When  gas  is  to  be  transferred  into  this  vessel 

ftfxm  the  gasometer,  the  vessel  is   first  completely  filled  with  water   through  the 

i\umel«  the  cock  •  being  left  open  and  e  shut.    By  means 

of  a  hxoixantal  pipe,  the  aperture  •  is  connected  with  a 

of  the  gasometer.     The  cook  b  being  shut,  •  and  e  are 

opened,  and  the  vessel  e  of.  the  gasometer  gently  pressed 

downwards  with  the  hand.    The  gas  then  descends  from 

the  gascnnet«r  till  the  air-holder  is  f^,  which  may  be 

known  by  the  w«t»  ceasing  to  escape  through  the  cock  e, 

AU  the  cocks  are  then  to  be  shut,  and  the  vessels  disunited. 

To  vpfiy  this  gas  to  any  poipose,  an  empty  bladder  may 

be  screwed  on  «»  and  water  being  poured  through  the 

fiumd  b,  a  coneqponding  quantity  of  gas  is  fisted  into  the 

bladder.    By  kttgthening  the  pipe  1^  the  pressure  of  a 

oohuaA  of  watw  nay  be  added;   and  the  gas  being 

^ttted  throni^   •  with   eonsideraUie  velocitT,  may  be 

•Veiled  to  the  pnipcee  of  a  hlow-pipe,  Ibe.     The  ap- 

paxvttts  adaaits  of  a  vaiietr  of  modificaticas.    Tlie  most  useful  one  appears  to  me  to 

be  that  eoatriTed  br  Mr.  Fepys.  consisting  chiefly  in  the  additicii  of  a  shallow  cis- 

Vhh  («k  as  re|«««eBted  above)  to  the  top  ctf  the  air-holder,  and  of  a  g|a»  r^^ster  tube^ 

/» wkMi  shows  ^  height  of  the  water,  and  ecnsequenUr  the  qmcntity  of  gas  in  the 

ivssei 
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Perhaps  the  moBt  conyenient  yeBBel  for  Btaring  oxygen  in  laige  qnantitios,  may  be 
fonned  out  of  a  carboy,  aa  I  ahall 

The  carboy  itself  is  faxniihed 
with  a  brass  collar  3,  to  ▼hioh 
are  attached  two  stop-cocks  « 
and  i.  To  the  stop-cock  i  is 
represented  in  the  cut  i^  syphon 
(^)  attached.  The  syphon,  how- 
erer,  admits  of  remoyal,  and  is 
only  employed  whilst  the  opera- 
tion of  filling  the  carboy  with 
gas,  u€,  mufiying  it  of  waUr^ 
goes  on.  To  the  stop-cock  «  is 
attached  a  piece  of  gas-pipe  0, 
and  this,  in  its  turn,  is  attached 
to  the  wrought-iron  bottle,  de- 
acribed  at  page  178. 

The  arrangement  being  as 
described,  it  is  evident  that  if 
gas  be  finfoed  into  the  carboy 
through  the  stop-cock  s^  water 
will  run  out  through  the  syphon  c  until  the  carboy  is  full  of  gas. 

When  filled,  the  two  stop-cocks  are  turned, 
the  syphon  and  the  tube  0  removed,  and  a 
funnel  screwed  on  to  «,  as  represented  in  the  an- 
nexed cut.  The  action  of  the  instrument  will 
now  be  evident  at  a  glance. 

If  water  be  poured  into  the  fhnnel/,  it  follows 
that  gas  must  emerge  through  the  stop-cock  «, 
and  thence  wherever  required.  It  remains  to  be 
stated,  that  in  the  diagram  the  carboy  is  represented 
as  unprotected.  This  was  done  for  the  sake  of 
securing  clearness  of  illustration ;  but  in  practice 
the  carboy  is  placed  on  a  box  in  the  midst  of  saw- 
dust, the  neck  only  projecting ;  the  box,  moreover, 
is  attached  to  castors. 
The  gasometer,  already  described,  is  fitted  only  for  the  reception  of  gases  that  are 
oonflnable  by  water;  because  quicksilver  would  act  on  the  tinning  and  solder  of  the 
vessel,  and  would  not  only  be  spoiled  itself,  but  would  destroy  the  apparatus.  Yet  an 
instrument  of  this  kind,  in  which  mercury  can  be  employed,  is  peculiarly  desirable, 
(m  account  of  the  great  weight  of  that  fluid,  which  makes  the  employment  of  large 
qoantities  of  it  both  inconvenient  and  costly ;  and  two  varieties  of  the  mercurial 
gasometer  have  therefore  been  invented.  The  one,  of  glass,  is  the  contrivance  of  Mr. 
Glayfield,  and  is  represented  in  the  plate  prefixed  to  Sir  H.  Davy's  Svo  volume  of 
"  Researches,"  published  in  1800.  In  the  other,  invented  by  Mr.  Pepys,  the  cistern 
for  the  mercury  is  of  oast-iron.  A  drawing  and  description  of  it  may  be  found  in  the 
fifth  volume  of  the  '*  Philosophical  Magazine ;"  but,  as  neither  of  these  instruments 


u% 


Mn.   KBWMAN'S  trough  ANt>  GASOMETER^ 


itre  oMential  tQ  the  dicniioal  ntndiPiit,  and  ae  tb^  nxo  required  only  in  expf^riments  of 
n>rtt![iriih|,  1  dcLim  it  BufBoiunt  to  refer  to  tho  minuto  descnptiatii^  of  their  Te^ectiy©  iu- 
Yi^iitijr».  Mr*  Ne^wmtn  haa  lately  joined  o  gasometer  of  this  kind  to  an  improTfid  and 
nifjflt  uHdful  nicruuii&I  trouglij  by  means  of  ss'hich  the  advantages  of  bott  are  olitanied 
with  only  fiO  or  70  poiinda  of  ciuit'ksilvtjr,  A  description  Bud  drawing  of  this  apporatfl^ 
U  pivpti  ill  thja  '*  Qtiartorly  Journal  of  Seienc^j"  i,  1B6*  The  following  dcacrfptioa  mtt 
H^llbp  for  moit  purpoacs. 

rig.  1,  ii  a  fiiont  viow ;  Fig*  2,  n  section  j  and  Fig.  3,  a  ^owlooHng  3own  from 
fibovi'  iiitD  tho  oarity  of  tho  tnougb .  Af  tlic  gltLag^bell  of  the  goaoin^r,  Bhown  shcmt 
half  full  of  ^niA  j  Bj  the  Cfiterior  Tcascl  of  the  gaaomoter.     In  Fig.  1,  the  central  iidid 


Fig.  2. 

pttrt,  vliich  ^lU  tko  caTi;y  of  the  b«U  when  dopK£s<?d  as  far  as  it  will  go,  is  shown  by  '; 
due  tod  Iitt<««  a»  aIm  Is  4  «ni)UI  mm  tiiU\  on  which  the  letter  B  stands.    This  tnhe  con-  , 
wy»  the  ga$«'4  fruiu  tho  wiall  U'II-&hap«dTii»s«il  £,  in  which  they  ai«  first  n^ceiyed,  into 
ttw  rvx\'i\«M:  A  o^  the  ^^M^uuctox.      In  Fig.  'J,  thi»  tulc  is  nuurkcd  4  5,  and  may  he  seen 
rUio^  A  litUti  aU>\'v  th«  uuxvury,  which  i»  thus  pre  vented  from  falling  isUi  ]&    In 
Vi^.  ^x  ;ho  tcrmiujitioii  vn*  :hi*  |vi^'!c  :s  ii;ark«?d  by  a  eirvle,  close  to  the  letter  C. 

IX  Fig.  U  one  ol'  the  sides  of  the  cistern 
toir  cinuining  xueTCurr;  at  G  the  cutem  I 
haa  a  sexni<<Tliuc£iicaI  caritr  seen  mora  dis- 
V  j  tincdv  ui  Fig.  2.  F  is  a  suall  tube  opening 
iace»  th<f  gosiunecer,  and  also  under  ooa  ol 
thk^  sKUdjL  iiel«M  <  •  s  Fig.  ^  Bj  Bwana  «f 
thU  Sub<A»  a  sniau  pocCKA  of  gaa  maj,  al  any 
tiuic«  U>  tranitVnKU  trv<ii  the  gaaoneta 
:a»>  a  ajurrvw  «*«  tu.5x  or  other  Tenad.  H 
*^^'  ^  w a dofp  an-uiar  v-aTisy,  or  wisU^ inM  wlndi 

abn^  tmW  ^fr  jnr  maQT  v.^<««MMauy  b«  fcrswrw^K  wWfu  is  v$  wv>BMarr  r>  ha^dna  mercnxy 
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at  the  samo  level  within  and  without.  I,  is  a  rcccircr  into  which  gas  is  supposed  to  be 
psodng  firam  a  retort  heated  by  the  spirit  lamp  X.  This  lamp,  by  means  of  a  pillar  and 
socket,  may  be  raised  or  lowered  at  pleasure,  and  is  scoured  at  any  desired  height  by  a 
spring.  K,  a  Yolta's  Eudiometer,  secured  by  an  upright  piUar  L,  in  which  is  a  spring  to 
fimimsh  the  recoil  on  firing  any  gases.  TMb  is  moveable,  and  is  fixed  when  wanted 
to  the-  side  of  the  trough  by  the  screws  M.  0  0,  a  sheet  iron  tray,  intended  to  collect 
any  merenry  that  may  bo  spilled  out  of  the  trough. 

For  those  gases  that  are  absorbed  by  water,  a  mercurial  trough  is  ncccsaary.  For 
the  mere  exhibition  of  a  few  cxx)erimcnts  on  these  condensable  gases,  a  small  wt)odcn 
trough  deren  inches  long,  two  wide,  and  two  deep,  cut/>ut  of  a  solid  block  of  mahogany, 
is  sufficient;  but,  for  experiments  of  research,  one  of  east  iron,  of  conq^dcrablo  size,  is 
leqmred.  Very  convenient  mercurial  troughs,  on  a  small  scale,  are  now  made  of 
porcelain. 

The  apparatus  required /or  stibmitting  gaaes  to  the  action  of  tUetricity^  is  shown  under- 
neath, where  a  represents  the  knob  of  the  jjrime  conductor  of  an  electrical  machine ;  ft,  a 
Leyden  jar,  the  ball  of  which  is  in  contact  with 
it,  as  when  in  the  act  of  charging ;  and  e  the 
tsbe  standing  iarorted  in  mercury,  and  partly 
iltod  "With  gas.  The  merenry  is  contained  in 
a  strong  wooden  box  <f,  to  which  is  screwed 
the  iqpriglit  iron  pillar  f,  with  a  sliding  collar 
ibr  rseonring  the*  tnbe  ^  in  a  perpendicular 
position.  When  the  jar  b  is  charged  to  a  cer- 
tain int«DJiity,  it  diadhargcs  itself  between  tho 
knob  »  and  the  small  ball «',  which,  with  the 
wire  conneeted  with  it,  may  be  oocasionaily 
fitted  on  tho  top  of  tube  c.    The  strength  of 

the  shocks  is  regulated  by  the  distance  between  •  and  i.  By  the  same  appoa^atus^ 
inflammable  mixtures  of  gases  may  bo  exploded  by  electricity.  In  this  case,  however, 
tho  jar  h  is  imnccessory,  a  spark  roceived  by  t  from  a  being  sufficient  to  kindle  the 
mixture. 

The  method  of  weighing  gases  is  very  simple,  and  easily  practised.  Por  this  pur- 
pose, however,  it  is  necessary  to  be  provided  with  a  good  air-pump,  and  with  a  globo  or 
fledc  9,  ftimishcd  with  a  brass  cap  and  air-cock.  A  graduated  receiver  is  also  required^ 
to  which  an  air-cock  is  adapted,  as  shown  underneath.         ... 

Supposing  a  receiver  to  be  filled  with  any  gas,  the  weight  of  whicb  is  to  be 
ascertained,  we  screw  tho  cock  of  the  vessel  b  on  the  transfer  plate 
of  an  air-pump,  and  exhaust  it  as  completely  as  possible.  Tho  weight 
of  tho  exhausted  vessel  is  then  very  accurately  taken,  even  to  a  small* 
fraction  of  a  grain,  and  it  is  screwed  updn  the  air-cock  of  the  re- 
ceiver. On  opening  both  cocks,  the  last  of  which  should  be  turned  very 
gradually,  the  gas  ascends  from  the  receiving  vessel,  and  the  quan- 
tity which  enters  iuto  tho  fiask  is  known  by  the  graduated  scale.  On* 
weighing  the  vessel  a  second  time,  we  ascertain  how  many  grains  have  been  admitted. 
If  we  have  operated  on  common  air  wo  shall  find  its  weight  to  be  at  the  rato 
of  abotct  31  grains  to  100  cubical  inches,  as  already  explained.  Tho  same  quantity 
of  oxygen  gas  wiH  weigh  about  34  grains,  and  of  carbonic  acid  gas  upwards  of  47 
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In  oxperiineiits  of  this  kind  it  is  necessary  eitlier  to  operate  with  the  barometer  at 
30  inches,  and  the  thermometer  at  60"*  Fah.,  or  to  reduce  the  Toliime  of  gas  employed 
to  that  pressure  and  temperature,  by  rules  which  will  presently  be  given.  Great  care 
is  to  be  taken,  also,  not  to  warm  any  of  the  vessels  by  contact  with  the  hands,  from 
which  they  should  be  defended  by  a  glove.  On  opening  the  communication  between 
the  receiver  and  the  czha\isted  globe,  if  any  water  be  lodged  in  the  air-cock  attached 
to  tho*formor,  it  will  be  forcibly  driven  into  the  globe,  and  the  experiment  will  be 
firustratod.  This  may  be  avoided  by  \ising  great  care  in  filling  the  receiver  with  water 
before  passing  into  it  the  gas  under  examination. 

The  specific  gravity  of  any  gas  compared  with  common  air  is  readily  known  whea 
wo  havo  once  determined  its  absolute  weight.  Thus,  if  100  cubic  inches  of  air  weig^ 
81  grains,  omitting  fractions,  and  the  same  quantity  of  oxygen  gas  weighs  34  grains, 
wo  say, 

31  :  34  : :  I'OOO  :  1164. 

The  specific  gravity  of  oxygen  gas  will  therefore,  according  to  this  calculation^  be  as 
1*104  to  1*000.  Wo  may  determine,  also,  the  specific  gravity  of  gases  more  simply  by 
weighing  the  flask,  first,  when  full  of  common  air,  and  again  when  exhausted ;  and 
afterwards  by  admitting  into  it  as  much  of  the  gas  under  examination  as  it  will 
roceivo ;  and  weighing  it  a  third  time.  Now,  as  the  loss  between  the  first  and  second 
weighing  is  to  the  gain  of  weight  on  admitting  the  gas,  so  is  common  air  to  the  gas 
whOM>  specific  gravity  we  are  estimating.  Supposing,  for  example,  that  by  exhausting 
the  flaak  it  loses  31  grains,  and  that  by  admitting  carbonic  acid  it  gains  47 ;  then 

31  :  47  ::  1*000  :  1*516. 
The  q^ecifie  gravity  of  earbonie  acid  is  therefore,  acc<Mrding  to  this  calculation,  1*516, 
air  beinf  takm  at  1*000.  And,  knowing  its  specific  gravity,  we  ean,  withorot  any 
(krther  experiment,  determine  the  weight  of  100  cuIhc  indies  of  earbonie  add ;  for,  as 
the  specific  gravity  of  air  is  to  that  of  carbonic  acid,  so  is  31  (or  any  other  more 
aeeonte  weight  d'  100  inches  of  air)  to  the  number  required ;  or 

1*000  :  1-516  : :  31  :  47  nearly. 
One  hundred  inches  of  earbonie  acid,  therefore,  wiQ  weigh  about  47  grains. 

Yiafttlft«  iA  Wantyiilation. — Previously  to  undertaking  ea^oimeiits  on  other 
f»«s»  it  may  be  weU  for  an  unpractised  experimentalist  to  acquire  manual  dexterity 
by  tranal^rtm^  common  air  firom  one  vessel  to  others  of  diflfer^it  SKxes,  in  the  foDawing 
manner: — 

1.  When  a  ijeUsi  jar,  clewed  at  one  emd»  is  filled  with  water,  and  held  widi  its 
HfttMth  d»>wnwaKdk  in  h«>wever  snuH  a  quantity  of  water,  the  fluid  is  retained  in  its 
1^*^  by  ^  pM»ui«  of  the  atmoepheie  on  the  surfice  of  the  exterior  water.    FUl  in 
llt^iBjUUtfCtwaadinvert^oa  thfe  shelf  cf  the  pneumatie  troo^  cneof  tbe  jms^  wliichii 
tettUhrtd  with  a  $t\j^pet.    The  w^ter  will  reBLun  in  thi^  j^ir  so  lon^  as  the  stopperis 
t    ckee«i;  b«l  iaMfee«iitat<tly  on  lemorin^  it.  ^  wuter  wiH  ittcozii  to  die  aafte  lerd 
^   wi^un  att  with^HLt ;  S^r  it  i$  ito^w  pressed  ei^ually  xtpwax^  azai  <i>eii»m[di  by  tiie 
I    ;tttfcW|^ww  aftl  l^iUik  t]^ce]^*ce«.  in  cgittKx|u<efibce  of  iss  «iwn  grarisy. 
L         :L  IWtf^  jsir.dlltfd  wi;hw;tBtraaiiin¥>o:ted^OT<rvJite 
^  giWunmiTiit  Hw^h>   Th!en%tk!eaa»jdMr]:ic»  tilledv^sisv^Vf  cccix^ 
il^tktfcl  ttJr«    rtwe  ^  kner  wish  i»  iB»;<dl  ca  thst  sor^ace  v^f  ^  water;  and,  on 
I    gteimiii^  ils  ikL  ^  mom  j^'e&KMa  b«2»»w  ^  $;!):&•»,.  ^  bia:&leii  acr  will  zouin  In  its 
«K)MCMit^    l^ritt^  ^  m»M^  of  ^  Sac  Vcbumi^  ^  fma^  in  ^  <^»»?v.  aai  tti^i™^  U 
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grtdaally.  The  air  nill  now  rue  in  bubbles,  through  the  Aumel|  into  the  upper  jar, 
and  will  «xpel  the  water  from  it  into  the  trough. 

8.  Let  one  of  the  jars,  proyidod  with  a  stop-cook  at  the  top,  be  placed  full  of  air  on 
ike  shelf  of  the  trough.  Screw  upon  it  an  empty  bladder ;  open  the  communication 
between  the  jar  and  the  bladder,  and  press  the  former  into  the  water.  The  air  will 
then  pass  into  the  bladder  till  it  is  fiUed ;  and,  when  the  bladder  is  removed  from  the 
jiTy  and  a  pipe  screwed  upon  it,  the  air  may  be  again  transferred  into  a  jar  inyerted 
in  water. 

For  the  purpose  of  transferring  gases  from  a  wide  vessel  standing  over  water,  into 
a  small  tube  filled  with  and  inverted  over  mercury,  I  have  long  used  the  following 
limple  oontriyanoe  of  Mr.  Oavendish.  A  tube  eig^t  or  ten  inches  long,  and  of  very 
smidl  diameter,  is  drawn  out  to  a  fine  bore,  and  bent  at  this  end,  so  as  to  resemble  the 
italic  letter  l»  The  point  is  then  immersed  in  quicksilver,  which  is  drawn  into  the 
tube  till  it  is  filled,  by  the  action  of  the  mouth.  Placing  the  finger  over  the  aperture 
at  the  straight  end,  the  tube  filled  with  quicksilver  is  next  conveyed  through  the 
water,  with  the  bent  end  uppermost,  into  an  inverted  jar  of  gas.  When  the  finger  is 
remoyed,  the  quicksilver  falls  from  the  tube  into  the  trough,  or  into  a  cup  placed  to 
receive  it,  and  the  tube  is  filled  with  the  gas.  The  whole  of  the  quicksilver,  however, 
must  not  be  allowed  to  escape ;  but  a  column  must  be  left,  a  few  inches  long,  and 
must  be  kept  in  its  place  by  the  finger.  Hemove  the  tube  from  the  water;  let  an 
assistant  dry  it  with  a  towel  or  with  blotting-paper,  and  introduce  the  point  of  the 
bent  end  into  the  aperture  of  the  tube  standing  over  the  quicksilver.  On  withdrawing 
the  finger  from  that  aperture  which  is  now  uppermost,  the  pressure  of  the  column  of 
qmcksilver,  added  to  ike  weight  of  the  atmosphere,  will  force  the  gas  from  the  bent 
tube  into  the  one  standing  in  the  mercurial  trough, 

Rules  for  Conducting  SsLpeiiments.— It  is  necessary  to  observe  the  precise 
quantity  of  gas  at  the  commencement  and  close  of  an  experiment,  and  also  that  the  baro- 
meter and  thermometer  exactly  correspond  at  both  periods.  An  increased  temperature, 
or  a  frdl  of  the  barometer,  augments  the  apparent  quantity  of  gas ;  and  a  reduced  tempe- 
rature, or  a  higher  barometer,  diminishes  its  bulk.  Another  circumstance,  an  attention 
to  which  is  indispensable  in  all  accurate  experiments,  is  that  the  surfaee  of  the  fluid, 
by  which  the  gas  is  confined,  should  be  precisely  at  the  same  level  within  and  without 
the  jar.  If  the  fluid  be  higher  within  the  jar,  the  contained  gas  wiU  be  under  a  less 
pressure  than  that  of  the  atmosphere,  the  weight  of  which  is  counterpoised  by  that  of 
the  column  of  fluid  within.  In  mercury,  this  source  of  error  is  of  very  considerable 
amount ;  as  any  person  may  be  satisfied  by  raising,  above  the  Buiface  of  the  quick- 
silver of  a  trough,  a  tube  partly  filled  with  that  fluid,  and  partly  with  air,  for  the 
volume  of  the  air  wiU  enlarge  as  the  surfEU^e  of  the  mercury  within  the  tube  is 
elevated  above  the  outer  surface. 

In  experiments  on  gases,  it  is  not  always  possible  to  begin  and  conclude  an 
eiperiment  at  precisely  the  same  temperature,  or  with  the  same  height  of  the  barome- 
ter ;  or  even  to  bring  the  mercury  within  and  without  the  receiver  to  the  same  level. 
In  these  cases,  therefore,  calculation  becomes  necessary ;  and,  with  the  view  of  com- 
paring resulte  more  readily  and  accurately,  it  is  usual  to  reduce  quantities  of  gas  to 
the  bulk  they  would  occupy  under  a  given  pressure  and  at  a  given  temperature.  In 
this  country,  it  is  now  customary  to  assume  as  a  standard  30  inches  of  the  barometer, 
and  60^  of  Fahrenheit's  thermometer,  and  to  bring  to  these  standards  observations 
made  under  other  degrees  of  atmospheric  pressure  and  temperature.    The  rules  for 
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these  correciioDB,  which  are  suffieiently  nmpLe,  havB  already  been  giToa  under  a  difTenail 
head.    A  recapitulation  of  rules,  however,  will  be  deorable ;  tibej  are  as  fbUowa  :^ 

JiULEtf  FOR  UEDUCUSO  TUB  VOLUME  OF  GASES  TO  A  MEAN  HZIGBT  OF  THB  SABOMSTEB, 
AXl>  MEAN  TEMPEKATU&E. 

1.  I^om  th$  wpaee  oeeupied  by  any  quantity  ofyas  under  an  •burved  degrte  ofpnsmrt^ 
to  infer  what  ite  volume  would  be  under  the  mean  height  of  ih€  baremetery  takiny  ihie  at 
30  inchesj  as  is  now  most  usual. 

This  is  done  by  the  rule  of  proportion ;  for,  as  ihe  mean  height  is  to  the  observed 
height,  80  is  the  obserrcd  volume  to  the  volume  required.  For  example,  if  we  wiA 
to  know  what  space  would  be  filled,  under  a  pressure  of  30  inches  of  mercury,  by  t 
quantity  of  gas,  which  fills  100  inches,  when  the  barometer  is  at  29  inches, 

30  :  29  : :  100  :  96-66. 
Tho  100  inches  would,  therefore,  be  reduced  to  96*66. 

2.  To  estimate  wJiat  would  be  the  volume  of  a  portion  of  gas^  if  brought  to  any  requited 
temperature. 

It  the  tomporaturo  of  the  gas  is  above  32=*  Fah.  multiply  its  total  volume  by  490^ 
and  divide  tho  product  by  490,  plus  the  number  of  degrees  liiat  the  temperature  of  the 
gas  exceeds  32"*  Foh.  By  this  process  wo  obtain  the  space  that  the  gas  would  occupy 
at  32"  Fah. 

To  dotonnino  its  volumo  at  any  other  temperature,  add  ^^^  of  the  volume  at  32°  for 
each  degree  that  tho  temperature  required  exceeds  32°  Fah. 

Thus,  to  find  what  space  100  cubic  inches  of  gas  at  50°  would  occupy  if  rawed  to  60, 
100  X  490 


490  +  18 


=  96-4  =  the  volume  at  3a*. 


And  96-4  +  ^-^'^^^^^-  =  101-9,  the  valume  at  60°. 

3.  In  some  cases  it  is  ncoessary  to  make  a  double  coxreotioB,  or  io  bring  the  gat  io-M 
mean  both  of  the  barometer  and  therwumeter.  We  must  then  first  correct  the  tranperaturf  ^ 
and  afterwards  tho  pressure.  Thus,  to  know  what  space  100  inches  of  gas  at  50' 
Fahnmheit  and  29  inohoa  barometer  would  fill  at  60°  Fahrenheit  and  30  ineha) 
barometer,  wo  first  convert  the  100  inches,  by  the  second  poxxseas,  to  102.  Tltea,  1^ 
tho  first, 

30  :  29  :  :  102  :  986 ; 

or  100  inches,  thus  ooireGtedr  would  be  only  98*6. 

4.  Tb  ascertain  what  xcould  be  the  absolute  weight  of  a  given  volume  of  gas  at  a  mean 
temperature^  from  the  known  weight  of  an  equal  vohtme  at  any  other  temperature.— 
First,  find  by  the  second  process  what  would  be  its  bulk  at  a  mean'temperature ;  and 
then  say,  as  the  corrected  bulk  is  to  the  actual  weight,  so  is  the  observed  bulk  to  the 
number  required.  Thus,  if  we  have  100  cubic  inches  of  gas  weighing  50  grains  at  50* 
Fahrenheit,  if  the  temperature  were  raised  to  60°,  they  would  expand  to  103*6.     And 

103*6  :  60  :  :  100  :  45*4. 
Theieforo  100  inches  of  the  same  gas  at  60^  would  weigh  49*02  grains. 

5.  To  Uam  the  abtolnte  weight  of  a  given  vokme  of  gae  under  a  mean  preteure^  from 
its  knoicn  weight  nuder  an  observed  preeeurey^sKy^  as  the  obeerved  piesvore  is  to  the 
mean  pressure,  so  ia  the  observed  weight  to  the  corrected  weight.    For  ^-t^t^^ 


EXPlBUfENTS  ON  OASES.  187 


having  100  inches  of  gas  which  weigh  50  grains  under  a  pressure  of  29  inches,  to  know 
what  100  inches  of  the  same  gas  would  weigh,  the  barometer  being  30  inches, 

29  :  30  :  :  50  :  61-72. 
Then  100  inches  of  the  same  gas,  under  30  inches  pressure,  would  weigh  51*72  grains. 
6.  In  some  cases  it  is  necessary  to  combine  the  two  last  calculations.  Thus,  if  100 
inches  of  gas  at  60°  Fahrenheit,  and  under  29  inches  pressure,  weigh  50  grains,  to  find 
what  would  be  the  weight  of  100  inches  at  60=*  Fahrenheit,  and  under  30  inches  of  the 
barometer,  first  correct  the  temperature,  which  reduces  the  weight  to  45-4  grains. 
Then, 

29  :  30  : ;  454  :  47. 

One  hundred  inches,  therefore,  would  weigh  60-71  grains. 

Conrections  fox  Bloisinze  in  Omimi.^ Another  correction,  which  it  is  often 
necessary  to  make  in  taking  the  weight  of  gases,  is  for  the  quantity  of  aqueous  vapour 
difiuscd  through  them.  It  is  obvious  that  all  gases,  which  are  -speoificaUy  heavier  tiian 
aqueous  vapour,  must  have  their  specific  gravity  diminished  by  admixture  with  steam ; 
and,  on  the  contrary,  all  gases  that  are  specifieolly  lighter  than  steam  must  have  their 
specific  gravity  increased  by  that  admixture.  For  the  following  formulse  we  are 
indebted  to  Mr.  Dolton : — 

At  ordinary  temperatures,  the  tension  or  elasticity  of  aqueous  vapour  varies  from 
ifcy  to  ^  of  the  whole  atmo^herio  pressure ;  in  the  present  case,  it  is  supposed  to  be 
a  given  quantity.  The  specific  gravity  of  pure  steam  compared  with  that  of  common 
air,  under  like  circumstances  of  temperature  and  pressure,  is,  according  to  Gay  Ltissac, 
as  0*(J20  to  1. 

Let  a  =  weight  of  1.00  cubic  inches  of  dry  common  air,. at  the  pressure  30  inches, 
and  temperature  60*  Fah. ;  p  =  any  yoriable  pressure  of  atmospheric  air ;  and  /  = 
pressure  cfr  tension  of  vapour  in  any  moist  gas.  Then  the  following  formulce  will  be 
fbuAd  nsefril  in  calculating  the  volumes,  weights,  and  specific  gravities  of  dry  and 
moist  gases;  putting  M  for  the  volume  of  moist  gas;  D  for  that  of  dry  gas;  and 
Yfar  that  of  vapour— all  of  the  same  pressure  and  temperature. 

1.    M=rD+V.  2.    -P.ZL/'MrrD. 

P 

.       3.     /m  =  V.  4.    M=^^,  =    ^. 

P  P-f  f 

If  we.  wish  to  infer  the  specific  gravity  of  any  dry  gas  from  the  observed  specific 
gravity  or  weight  of  the  same  mixed  with  vapour,  it  will  be  convenient  to  expound  p 
by  that  particular  value  which  corresponds  with  a,  namely,  30  inches  of  mercury ;  and 
let  M  =s  the  specific  gravity  of  the  dry  grass,  and  to  ^  the  observed  weight  of  100  cubic 
inches  of  the  moist  gas. 

Th«a  we  shall  have  the  following,  vis. : 

6.    i^3/.  s  a+  I  X   -620  a  z=:w.   • 
30  p 

6.    #  =  ===-    {w-^Z   X  -620  a.) 
SO— /a   ^  p 
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ZXEMPLIFICATI0N8. 

1.  98  vol.  dry  air  -f  2  vol.  vapour  =100  voL  of  moist  air. 

2.  Qivcnp  =  30,/  =  -5,  and  M  =  100. 

Then  -^^l/]  M  =  D,  the  dry  air,  =  98J. 

3.  And  ^  M  =  V,  the  vapour,  =  1|. 

P 

4.  Given  D  =  100,  p  =  30,/=  -4. 

Then    — i^^  =  101-35,  the  moist  air. 
29-6, 

Given  V*  =  2,  i?  =  30,/  =  -3. 

Then    ??^<_?  =  200,  the  moist  air. 
•3 

6.  Let/=  -o,  8  ==  Mil,  a  =  305, p  =  29*5, 

Then   ?2jrJ:?  Mil  X  30-5   +  ^  x  62  x  30-5  =  33-64  =  ir, 

which  gives  the  specific  gravity  1-103. 

6.  Lot/,  0,  and  p,  as  ahove,  and  ta  ^  2*5,  coiresponding  to  sp.  gr.  0-8197. 

^  •  =  29-5x80-6(^°  -  ^  ^  ••'^  ^  ^ ^)  =  ■^■'^ 

The  ahove  fonnnlse  apply  equally  well  if  The  a  permanent  gas,  or  any  other  vapour 
beside  that  of  water,  the  specific  gravity  of  the  gas  or  vapour  being  substitnted  instead 
of  *620,  that  of  steam. 

The  conrectioii  respecting  gases,  most  frequently  required  in  the  laboratoiy,  is  tx 
moisture ;  fixr  it  is  scarcely  possible  to  obtain  any  gas,  artificially  deprived  of  aqueous 
viqpour,  in  quantity  sufficient  to  be  weighed  in  that  state.  It  is  better,  therefore,  to 
weig^  the  gas  diarged  with  the  full  quantity  of  moisture  due  to  its  temperature,  which 
it  will  so<»i  be  if  allowed  to  remain  in  contact  with  water ;  and  then  to  calculate  what 
would  be  the  weight  of  the  same  volume  entirely  free  from  aqueous  vapour.  This  may 
be  done  by  the  following  rule,  in  exemplifying  which  100  cubic  inches  of  moist 
atmospheric  air^  at  60^  Fah.  and  30^  bar^  are  assumed  to  wdgh  Slf  grains.  Find  tbe 
i   force  of  va^poor  at  Uiat  temperature  by  Mr.  Balton's  table,  which  is  0*524. 

Th«i  30  :  0*5^4  : :  100  :  1^747  =  the  volume  of  aqueous  va^ur  in  100  inches  of 
moist  air  at  eO'. 

And  as  100  cubic  inches  of  aqueous  viqpoar  wdgh  19  grains,  1747  cubic  inches 
mvst  weigh  0*3368  grain. 

Xext,  from  tbe  w^|^t  of  100  cubic  indies  moist  air   .  .        .31* 

Subtract 0-3368 


30-0632 
*  nil «MT  t»  swtikAt  T«  :3  tXBc  siitl  t^ ot&^  e»»s  cfr:is:Ir  vii:  dcact*  a  Tirtrul  Totame only ; 

t  Ia«K«KaMto«i6n^ttftCihttktiaa»tUBMaak«risan»ndt»r«M^ 
<ttwar^ytt^^l^w«afciiiHii«iMtlM  oTlktwal^t  tf  ifimpfcirii  sir,  wki^  u  v«  kave  leea  at 
9iiil»I«kl»f<MnB:rateiat<«»  W  Bnairti^  »a»»  tktt  U  ftaas^t  fani  aok  Vdmg  m  yet 
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We  liaTe  then  the  weight  of  100  —  1*747  =  98*258  cubic  inches  dry  air,  viz.^ 
30*6632  gndns. 

And  98*253  :  80*6632  : :  100  :  31*214. 

The  weight,  then,  of  100  cubic  inches  dry  air,  at  80  inches  bar.  and  60"*  Fah.,  is 
31-214  grains. 

The  specific  graTity  of  any  other  gas  compared  with  common  air  is  then  easily 
determined.  For  as  the  weight  of  100  cubic  inches  of  dry  common  air  is  to  the  weight 
of  100  cubic  inches  of  any  oUier  dry  gas,  so  is  unity  to  the  number  required. 

Calorie  as  Oecasloiilng  the  Spheroidal  State  off  Tlnide.— Until  the 
researches  of  M.  Boutigny  d'Evreuz,  philosophers  had  been  accustomed  to  speak  of 
three  conditions  of  physical  state  as  assumed  by  bodies  in  reference  to  caloric— namely, 
the  conditions  of  solid,  liquid,  and  yapour,  or  gas ;  nerertheless,  the  phenomenon  of 
tpheroidieHyf  or  calefaction,  as  it  is  sometimes  denominated,  must  haye  been  noticed  at 
periods  of  very  remote  antiquity,  and,  indeed,  was  probably  taken  advantage  of  in  the 
performance  of  so-called  miracles,  such  as  passing  the  ordeal  of  fire  unscathed, 
Handling  molten  metals,  and  other  feats  of  a  similar  kind.  The  first  person  who 
happened  to  heat  a  piece  of  fiint,  a  morsel  of  granite,  or  any  metal,  and  allowed  some 
drops  of  water  to  fiill  upon  either  of  these  heated  bodies,  must  have  remarked  that, 
nnder  these  circumstances,  the  water  would  not  comport  itself  as  under  the  more 
ordinary  conditions  of  applying  the  source  of  heat  to  the  solid  body  haying  water 
or  other  liquid  upon  its  surface  from  the  first.  Still,  howeyer,  the  curious  phenomena 
in  question  do  not  appear  to  haye  been  noticed  with  any  yicw  to  their  generalization 
mitil  the  latter  part  of  the  last  century,  when  certain  physycists  began  to  analyze  the 
raHmaUotiike  peculiarity.  Amongst  the  first  of  these  obseryers  was  Leidenfrost,* 
since  which  time  the  small  number  of  natural  philosophers  who  haye  occupied  them- 
sdyes  with  investigating  this  phenomenon  have  scarcely  added  anything  either  to  the 
Hst  of  experiments  bearing  upon  it  or  contributed  to  its  theoretic  explication.  Every 
person  almost  has  observed,  that  when  some  drops  of  water  are  allowed  to  fall  upon  a 
capsule  made  red  hot,  this  water,  far  from  distributing  itself  over  and  wetting  the 
metallic  sur&ce,  assumes  the  condition  of  globules,  which  roll  upon  the  surface  without 
adhering  to  it*  This  is  the  primary  fact— this  the  point  du  depart  of  M.  Boutigny's 
researches. 

In  books  on  physics,  writers  until  lately  have  contented  themselves  by  saying  that 
water  when  brought  into  contact  with  an  incandescent  surface,  does  not  adhere  to  it> 
but  evaporates  more  slowly  than  when  brought  gradually  and  under  ordinary  circum- 
stances to  the  temperature  of  ebullition ;  thus  leaving  the  phenomenon  itself  without 
any  satisfactory  explanation. 

When  a  few  drops  of  water  are  projected  upon  a  slightly  concave  plate  of  silver  at 
the  ordinary  temperature,  the  liquid  moistens  the  surface  of  the  plate  and  adheres  to 
every  point  of  contact.  If  this  plate  be  now  heated  by  means  of  a  spirit  lamp  or  other 
convenient  flame,  the  watet,  on  being  brought  to  the  temperature  of  212**  Fah.,  evolves 
vapour,  and,  due  time  being  afforded,  completely  evaporates.  But  if,  before  pouring  in 
the  water,  the  capsule  be  heated  considerably  above  212^,  say  to  287  or  288''  Fah., 
then  the  nature  of  the  resulting  phenomenon  changes  altogether.  The  water  now 
ceases  to  adhere  to  the  silver  capsule ;  does  not  extend  over  its  surface ;  doubles  back 
on  itself^  so  to  speak,  and  assumes  the  form  of  an  oblate  spheroid.  The  temperature 
hitherto  fixed  at  212"  Fah.  now  suddenly  becomes  lowered  to  212°  —  jt,  and  remains  per- 
*  De  aqns)  communis  qualitatibns— Duisbourgr,  1790. 
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manently  at  this  degree,  notwithstanding  the  application  of  anj  increment  of  Jieat. 
The  evaporation,  far  from  being  increased  by  this  elevation  of  temperature,  dimifiuhes; 
water  thus  circumstanced  requiring  at  least  a  fifty-fcdd  longer  period  for  the  mme 
ainoxmt  of  evaporation  than  it  would  if  merely  subjected  to  the  temperature  of 
ebullition. 

LasUy,  the  oblate  spheroid  becomes,  with  peculiar  undulatory  movements,  perfeetly 
visible,  and  presents  the  greatest  analogy  with  those  produced  by  sonorous  bodies 
whilst  in  the  act  of  vibration.  The  same  experiment,  repeated  with  various  other 
liquids,  affords,  in  almost  all  cases,  a  similar  result,  varying  only  as  the  normal  bailing 
point  varies  of  the  liquid  imder  treatment. 

Such  are  the  chief  phenomena,  such  are  the  new  laws  which  liquids  obey,  £:Qm  the 
period  when  they  cease  to  be  submitted  to  the  ordinary  law  of  equilibrium  of  tempera- 
ture,'^a  law  which  is  only  exercised  within  determinate  limits,  and  a  narrow  range  of 
conditions. 

The  followiDg  are  some  experiments  by  the  aid  of  which  the  phenomena  I  have 
been  describing  may  be  rendered  sensible.  If  a  portion  of  some  very  combustible  body 
be  taken — nitrate  of  ammonia,  for  example,  which  inflames  at  a  very  low  tempera^ 
ture — ^and  if  it  be  projected  upon  a  capsule  of  platinum,  maintained  at  a  red  heat,  the 
salt  will  enter  into  fusion,  will  assume  the  spheroidal  condition,  will  neither .  bom 
nor  decompose  otherwise  than  very  slowly.  Eemove  now  the  source  of  heat  from  the 
platinum,  allow  the  plate  to  grow  eool  to  the  degree  at  which  the  nitrate  of  ftTnTMATn> 
ordinarily  inflames,  when  fusion  and  combustion  will  at  once  taJce  place.  This  expe- 
riment affords  a  singular  example  of  a  very  combustible  body  refusing  to  bum  under 
circumstances  which  seem  to  be  most  favourable  to  combustion,  and  which  bums  inune- 
diately  when  the  excess  of  heat  is  removed. 

If,  instead  of  nitrate  of  ammonia,  iodine  be  projected  upon  the  same  red-hot  plate, 
the  vapours  of  iodine  will  be  scarcely  visible ;  but  if  the  plate  be  allowed  to  co(^  the 
iodine  will  spread  all  over  its  surface,  evolving  characteristic  violet-coloured  vapours ; 
and,  lastly,  if  a  little  distilled  water  be  thrown  into  a  red-hot  capsule,  the  liquid  rapidly 
assumes  the  spheroidal  condition — ^not  adhering  to  the  capsule  nor  boiling,  but  evapo- 
rating very  slowly.  If  the  bulb  of  a  thermometer  be  plunged  into  the  spheroid,  the 
mercurial  column  will  invariably  indicate  a  lower  temperature  than  that  of  boiling 
water ;  but  if  the  capsule  be  allowed  to  cool,  the  thermometric  mwcury  will  at  once 
ascend  to  212°,  the  water  will  burst  into  tumultuous  ebullition,  and  will  rapidly  evapo- 
rate in  the  ordinary  manner. 

These  new  and  singular  facts  appear  to  be  in  manifest  opposition  to  the  known  lavs 
of  heat ;  and  other  experiments,  which  may  be  regarded  a^  corollaries  of  thepreeediag, 
may  serve  to  indicate  the  bearing  of  these  observations. 

Thus  the  laws  which  reguUte  the  demeanour  of  bodies  which  have  passed  into  the 
spheroidal  state,  may  serve  to  explain  certain  cases  of  explosion  occurring  in  steam- 
boUers.  The  following  experiments  wHl  serve  to  explain  the  manner  in  which  this  acci- 
dent may  occur : — 

Take  a  very  thick  silver  capsule,  heat  it  to  whiteness;  then  seizing  it  with 
a  pair  of  tongs,  fill  it  rapidly  with  water  by  dipping  it  into  a  large  vessel  containing 
this  liquid ;  lastly,  place  the  capsule  on  a  support.  All  the  water  which  it  contains  ii 
in  the  spheroidal  condition,  and,  although  contained  in  a  vessel  heated  to  whiteaeaSi 
has  only  a  temperature  of  205-3.  At  length  the  period  arrives  when  the  temperature 
of  the  capsule  is  not  sufficient  to  prolong  the  spheroidal  state,  which,  passing  to  the 
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futauBcj  oonditioB  of  liquidity,  boils  vith  oxtramo  Tiabnc«.     The  apparatus  for  oodp 

dseting  tins  coperiiiio&t  ia  depicted  in  tlie 

gBbjoiaed  diagram. 

The  pmeeding  ezpeariment  lolvei,  aa  H. 

BontigBy  jttitly  lemarka,  aourioua  problem, 

wUoli  BUiy  be  tbna  atated : — JhJIii  a  itua$l 

with  ymt&r  mtJumt  moiitmmg  U^  and  to  boil 

ik^  W€EUr  ijf  eaoUng  thf  vmieL 

Tbe  angular  phenomena  of  apheroidicity 

are  sot  seatrioted  to  small  masBos  of  liquid, 

ffMift^h  sugIi  haye  been  the  subject  of  my 

{ceceding  vemazks.     On  Hxe  contrary,  very 

large  nmaaoiT  of  liquid  may  assume  this  state, 

aa  JdL  Boatigny  has  proved.     These  facts 

lead  to  many  important  practical  considero- 

tiona ;  -pEe-emioent  amongst  which  are  those 

having   reference   to   steam-boiler   explo- 
sions.    Anterior  to  the  investigations  of  M. 

Botttigny,  it  was  thou^t  that  the  causo  of 

steamrboiler  explosions  was  the  absence  of 

sufficient  Tent  for  the  overpressure  of  steam,  or  the  too  great  increase  of  fire.    M. 

B — ligny'a  ezperiments,  however,  lead  irresistibly  to  the  conclusion  that  the  explosion 

of  a  flteajo-boiler  is  possible  from  directly  opposite  causes— the  sudden  escape  of  steam 

£:om  a  boiler  by  turning  a  t^> ;  opening  a  valve 
or  other  equivalent  means ;  the  sudden  removal 
of  fire ;  by  letting  ia  a  sudden  jet  of  cold  water ; 
or,  in  short,  any  act  resulting  in  a  lowering  of 
temperature. 

The  following  curious  experiment,  which 
admits  of  ready  verification,  demonstrates  the 
foundation'  on  which  these  speculations  are  based. 
A  th^ck  silver  fiask,  about  the  capacity  of  an 
oil  Florence-fiask,  being  fixed  on  a  very  strong 
iron  support,  is  heated  nearly  to  redness  by 
means  of  an  Argand  spirit-lamp.  About  a  fluid 
drachm  of  water  is  now  poured  in  through  a 
tube,  and  the  flask  being  rapidly  and  firmly 
corked,  the  source  of  heat  is  removed.  For  a 
short  period  all  remains  tranquil.  The  water 
introduced  having  assumed  the  spheroidal  con- 
dition evolves  but  little  steam;  hence  the 
cojk.  remains  tightly  fixed.  Meantime,  the 
silver  vessel  gradually  cooling  assumes  a  tem- 
perature  incompatible   with   the    maintenance 

of  aqiieaiis  spheroidal  fluidity.    No  sooner  has  this  balance  of  conditions  been  attained, 

than  the  entire  water  is  at  once  converted  into  steam,  and  the  cork  is  projected 

with^violence.     It  is  easy  to  trace  the  connection  subsisting  between  the  experi- 
ment just  described  and  many  conditions  to  which  steam-boilers  in  action  arc  subjected. 
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Thus,  let  it  be  assumed  tliat  a  steam-boiler  containing  its  charge  of  water,  and  heated 
in  the  usual  manner,  has,  for  a  few  instants,  all  steam  egress  prevented.  In  practice 
such  a  condition  often  occurs.  Let  it  now  be  supposed  that  a  sudden  gosh  of  steani 
takes  place,  and  we  shall  be  in  a  position  to  give  direct  application  to  the  laws  of 
liquid  spheroidicity.  The  first  effect  of  the  sudden  escape  of  steam  is  to  cause  the  charge 
of  water  to  be  projected  towards  the  upper  part  of  the  boiler.  It  falls  almost  immedi- 
ately ;  but,  however  short  the  interval  between  its  rising  and  falling,  the  boiler  itself 
has  been  accumulating  heat  all  the  while ;  and  this  accumulation  may  be  to  such  an 
extent  that  the  water  on  descending  no  longer  comes  in  contact  with  the  boiler,  but 
assumes  the  speroidal  state.  In  fact,  the  boiler  and  its  charge  of  water  are  now  in 
almost  the  identical  condition  with  the  silver  flask  'and  its  charge.  The  only  dif- 
ference between  the  two  is  this : — ^The  silver  flask  being  corked,  no  issue  for  the  steam 
existed  until  the  cork  was  forced  out;  whereas  in  the  steam-engine  boiler,  it  is  assumed 
that  the  ordinary  working  flow  of  steam  takes  place.  Virtually,  however,  the  steam* 
engine  boiler  may  be  regarded  as  hermetically  closed,  as  will  be  demonstrated  pre* 
sently ;  the  area  of  steam  issue  being  so  immeasurably  out  of  proportion  to  [the]*  vast 
development  of  steam  which  ensues  when  a  speroidal  mass  of  water  touches  the  heat- 
ing surface  fix)m  which  its  heat  is  derived. 

Let  us  now  trace  out  the  consequences  likely  to  result.  The  whole  of  the  water 
is  in  the  spheroidal  state,  and  an  explosion  is  imminent.  Immediate  contact  between 
the  water  and  the  boiler  is  cut  off— the  spheroidal  water  evaporates  with  difficulty—* 
the  engineer  imagines  this  paucity  of  steam  depends  on  too  little  fire — ^more-fuel  is,  con* 
sequently,  thrown  into  the  furnace,  and  the  boiler  continues  to  acquire  more  heat 
Under  these  conditions,  an  explosion  will  almost  infallibly  be  determined  by  one  of 
two  circumstances — ^namely,  the  sudden  withdrawal  of  fuel,  or  the  sudden  addition  of 
a  jet  of  cold  water  to  the  boiler  charge,  either  of  which  is  attended  with  a  diminution 
of  temperature,  the  result  of  which  has  already  been  indicated.  It  was  remarked,  that 
virtually  no  difference  of  conditions  existed  between  the  steam-engine  boiler,  as  I  have 
assumed  it,  and  the  silver  flask  experiment  just  described.  The  justice  of  this  state- 
ment will  be  at  once  seen  from  the  following  calculation  :— 

Suppose,  for  the  sake  of  example,  the  capacity  of  a  steam  boiler  to  be  100  quarts, 
gallons,  or  any  other  assumable  quantity.  Suppose  it  only  contains  ten  parts  of  water, 
which  water  exists  in  the  spheroidal  state.  Suppose  the  temperature  of  the  boiler  to 
have  risen  to  1112'*  Fah.,  or  1260°  Fah.,  as  it  might  under  the  conditions  assumed, 
the  temperature  of  the  spheroidal  water  being  only  205*6°  Fah.  Suppose  now  a  mass  of 
cold  water  be  suddenly  turned  into  the  boiler,  and  sufficient  in  amount  to  destroy  the 
spheroidal  state  of  the  water -previously  existing  there.  At  that  moment  there  wiU  be 
formed  no  less  than  seventeen  thousand  measures  of  vapour,  which,  undergoing  still 
further  expansion  by  contact  with  the  sides  of  the  boiler,  will  develop  aU  but  irresistible 
force.  The  explosion  here  assumed  to  take  place  may  also  be  occasioned  by  sudden 
removal  of  the  fire,  or,  as  was  the  case  in  the  silver  flask  experiment,  by  the  gradual 
cooling  of  the  boUer,  although,  in  practice,  various  circimistances  contribute  to 
diminish  the  probabilities  of  accident  &om  the  latter  cause.  Not  only,  as  M.  Boutigny 
justly  remarks,  is  there  danger  from  the  pressure  of  steam  in  these  cases,  but  also  from 
the  decomposition  of  a  portion  of  water,  oxygen  imiting  with  the  iron  of  the  boiler, 
and  hydrogen  being  liberated.  This  result  always  ensues  when  water  assumes  the 
spheroidal  condition  in  an  iron  vessel  heated  to  incipient  redness,  or  even  a  still  lower 
temperature. 
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Supposing  the  boiler  to  belong  to  a  marine  engine  which  cannot  be  stopped, 
tiie  precautionary  means  would  consist  in  maintaining  a  powerful  fire,  and  in- 
troducing to  the  boiler  small  charges  of  water  at  a  time.  If  the  phenomenon 
manifests  itself  on  land,  then  the  engine  should  be  at  once  stopped,  a  good  fire 
being  kept  up,  and  the  boiler  emptied  of  its  water  with  all  possible  dispatch; 
finally,  a  current  of  air  should  be  driven  through  the  boiler,  for  the  purpose  of 
remoying  a  certain  amount  of  hydrogen  gas  which  will  always  be  found  there 
imder  the  circumstances. 

Ftwmtion  ofsteam-boihr  exphsumt  from  this  cause. — It  will  have  been  gathered, 
from  the  consideration  of  previous  remarks,  that  inequality  of  stoking,  and  inequality 
of  water-supply  are  amongst  the  causes  determining  the  spheroidicity  of  water  in 
steam-engine  boilers ;  from  which  will  be  seen  the  importance  of  obviating  these  sources 
of  danger,  should  they  exist.  Other  means  of  safety  may  be  deduced  from  a  consider- 
ation of  the  following  circumstances. 

1.  Ogteris  paribus,  the  facility  with  which  liquid  spheroidicity  is  assumed,  is  pro- 
portionate with  the  smoothness  of  surface  of  polish  of  the  heating  solid.  It  is  for- 
tunate, then,  that  in  the  ordinary  result  of  manufacture,  steam-engine  boiler  plates  arc 
never  polished ;  were  they  so,  doubtless  their  explosion  would  be  a  much  more  fm- 
quent  occurrence  than  at  present.  Following  out  the  idea  of  roughness,  M.  Boutigny 
refers  the  effect  to  the  existence  of  increased  surface.  He  first  thought  of  bristling  tho 
interior  of  steam  boilers  with  points,  but  gave  up  the  idea  on  accoimt  of  many 
insuperable  objections :  not  to  its  theory,  which  is  correct,  but  to  its  practice.  Ulti- 
mately he  was  led  to  adopt  a  boiler  divided  into  many  compartments  by  metallic 
diaphragms.  This  kind  of  boiler  has  already  been  applied  in  practice ;  it  cannot  be 
exploded  by  causes  dependent  on  fluid  spheroidicity,  and  seems,  in  other  respects,  to 
present  many  advantages. 

2.  Ceteris  paribus,  the  presence  of  soluble  saline  bodies  diminishes  the  tendency  to 
spheroidicity ;  or,  perhaps,  it  may  be  more  correct  to  say  that  tho  temperature  at 
which  spheroidicity  ensues  must  be  greater.  Hence,  ceteris  paribus,  marine  engines 
are  not  so  liable  to  suffer  from  this  cause  as  land  engines. 

Brelation  of  Galoiic  to  the  Spheroidal  State.— This  part  of  the  subject 
resolves  itself  into  an  investigation  of  the  following  points  : — 

1.  The  lowest  degree  of  temperature  at  which  the  phenomenon  can  occur. 

2.  The  law  of  evaporation  in  the  spheroidal  state. 

3.  The  temperature  of  bodies  in  the  spheroidal  condition,  and  the  temperature  of 
their  vapour. 

4.  Whether  radiant  caloric  traverses  the  spheroids  or  is  radiated  from  them. 

5.  Whether  all  bodies  are  susceptible  of  passing  into  the  spheroidal  state. 

6.  Whether  there  be  contact  between  liquids  in  the  spheroidal  state  and  the  sur- 
fiices  which  gave  rise  to  them. 

As  regards  the  first  point,— the  lowest  degree  of  temperature  at  which  the  sphe- 
roidal condition  can  be  assumed  by  water, — M.  Boutigny  has  proved,  contrary  to  the 
expressed  opinions  of  many  physycists,  that  luminous  heat  is  unnecessary.  Ho  has 
proved  that  as  regards  water  on  platinum,  the  phenomenon  can  manifest  itself  even  at 
so  low  a  degree  as  171°  Cent.  =  339*8°  Fah.,  although  at  this  temperature  the 
demonstration  is  attended  with  difficulties.  For  other  substances  the  temperature 
varies,  always  being  above  their  respective  boiling  points ;  but  according  to  no  ratio 
yet  discovered.  [ 
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The  law  of  evaporatioii  of  water  and  other  liquidB  in  the  spheroidal  conditiai  is 
this : — whatever  the  ordinary  boiling  point  of  a  liquid  may  be,  its  spheroidal  evapora- 
tion point  if  something  less ;  but  the  ratio  of  diminution  has  not  yet  been  diacorered. 
M.  Boutigny  has  determined  the  evaporating  point  of  water  in  the  spberoidal  state  to 
be  96*6''  C.  =  205*7*  Fah. ;  and  the  evaporating  point  under  similar  conditions  of  iom 
other  fluids  as  follows: — 

C.  F. 

Absolute  alcohol         .        .        .     +  75-5=    =  -f-  167*9° 
Oxide  of  ethyle  .        .     +  3425^  =  +    93-65^ 

Chloride  of  ethyle  .     4-10-6^    =+    14*9' 

Sulphurous  acid         ...     —  10-5°     =:  +    50*9° 

Those  respoctivo  temporatures  at  which  spheroidal  evaporation  of  each  liquid 
onsuoa  arc,  ceteris  paribus,  invariable,  notwithstanding  any  excess  of  temperatoie 
wliich  may  bo  imparted  to  the  heating  surface. 

Doos  radiant  heat  traverse  the  spheroids,  or  is  the  heat  reflected  from  them? 
In  opposition  to  tho  opinions  of  philosophers  who  preceded  him,  M.  Boutigny  adopts 
tlio  second  hypothesis.  His  views  are  supported  by  the  following  experiments,  and 
others  of  similar  bearing : — 

If  a  capsule  of  platinimi  bo  heated  to  redness  and  a  little  water  be  dropped  in,  Ihe 
water  immodiatoly  assumes  the  spheroidal  state.  If  now  a  small  glass  bulb  containing 
n  little  water  bo  immersed  into  the  spheroid,  the  water  will  not  boil,  which  it  shoidd 
have  done,  had  tho  radiant  heat  darted  off  £rom  the  red-hot  platinum  crucible  pa- 
moatcd  the  aquooiis  spheroid.  The  period  of  contact  between,  the  experimental  bulb  and 
tlio  spheroidal  fluid  may  be  longer  delayed,  and,  consequenlly,  the  result  more  conva- 
uionUy  observed  by  using,  instead  of  simple  water,  as  the  fluid  to  assume  spheroidicity, 
A  mixture  of  water  and  lamp-black,  well  incorporated. 

rorhai)s,  however,  tho  most  remarkable  experiment  in  support  of  the  bypothesiB  is 
this  r'-On  heating  a  silver  capsule,  as  already  described,  and  dropping  in  a  little  nitric 
neid;  (he  latter  immediately  assumes  the  spheroidal  state,  in  which  condition — as  will 
be  hereafter  shown— there  is  no  contact  between  the  two,  and  hence  no  aotioa.  If 
now  the  spherv>id  of  nitric  acid  be  caused  to  rcU  about  over  the  surface  of  the  cs^sule, 
the  ol>9orver  will  notice  that  every  part  of  silver,  corresponding  to  its  path,  will  glow 
n\ore  than  the  other  parts ;  a  result  which  seems  to  prove  that  heat  is  reflected  £rom 
the  under  surface  of  the  spheroid  back  again. 

It  is  a  rv^markable  faet  in  connexion  \rith  those  experiments,  that  partidea  of 
^Uil.  (iUng«  v^f  metal,  anvl  other  heavy  substances*  when  thrown  upon  a  spheroidal 
mass  v>f  liquid*  do  not  sink  tJiiough  it,  as  would  seem  accordant  with  the  lawB  of  gra- 
vitntiv«i»  but  env\^lop  it. 

Are  all  KvUi>*  sxisoi^ptilue  of  passing  into  the  sphenoidal  stati  r  Ezperimento 
;^eom  tv>  answer  this  qucstivm  in  tlio  a&rmative.  although  the  facility  of  assuming  this 
stat\*  f%>r  various  Kviics  vario*  beswwrn  wide  limits. 

rkv5  <\Mil;iiol  cns;;e  botwxvn  Kwiios  in  iho  spheroddal  state,  and  sorCaees  which 
i^"^nor**,\^i  this  <\>mUti>.\n:  This  quoscion  may  b?  i^asohvd  in  the  negative,  by 
a  rvNAs^vlv  poTfv*;'iW  ox^vHiacnU  wV4kK   h^^w^^vcr,  must  take  place  in  a  dadcened 

.V  *«TR;\:ia  of  jv^isijiV.  &i;TV>r*  ssxa^v^  ivt*v^'x  it*  liic  sli^Ufift  dc^nee,  only  gnffiHeiit  to 
Vwwr»;  ar^y  V:^x;u\  r,:r*r.-.r*c  o5  AtVr  Kir.:  v*,v;i  ;;rv:a  ::.  is  hcjitoi  t3  incipient  redness 
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IM  of  aa  ecdqiiley  or  spirit  blow-pipe,  with  rertieal  jet  A  few  drops  of  water 
IT  foured  upon  the  heated  plate.  The  water  immediately  aMumes  ike  choroidal 
ioB,  and  oan  be  proved  to  be  abeolutely  separated  fr<m  the  heated  ailver,  by 
g  a  eandle-flame  oa  thejlerel  of  the 
•nr&ce,  as  represented  by  the  dia- 
The  candle-flame  will  be  perfeotly 
t  The  aepaiatlon  of  the  spheroidid 
firom  its  generating  surface 'being 
rendered  evident,  the  cause  of  its 
tion  remaini  to  be  determined.  M. 
at  adyances  the  opinion  that  the  sepa- 
is  attributable  to  interposition  of 
r.  M.  Person  agrees  in  this  opi- 
but  M.  Boutigny  adyances  one  of 
n,  which  is  supported  by  evidonce  so 
Tol,  that  it  is  to  me  ocmyinaing.  This 
ypher  attributes  the  separation  to  the 
ye  agency  of  heat ;  and  ho  cites  the 
ing  experiment  as  negativing  the 
ition  that  the  spheroid  is  supported 

interposition  of  vapour.    Instead  of  a  platinum  ci^sule,  take  a  flat  helix  of 
platinum  wire,  and  press  it  into  the'capsular  form.    Heat  the  helix 
by  a  spirit-lamp,  and  drop  upon  it  a  little  alcohol.    Tlie  liquid 
immediately  assumes  the  condition  of  spheroidicity,  and  remains 
HI  I  detached  from  the  wires,  as  it  would  have  done  firom  a  solid  capsule. 

Evidently  no  upward  pressure  of  vapour— M.  Boutigny  argues— 
can  exist  under  the  conditions  specified,  *  such  vapour  having  free 
egress  through  the  spaces  between  each  coil  of  the  wire.  That  it 
>  escape  can  bo  demonstrated  by  setting  fire  to  it  underneath, 
(till  more  remarkable  demonstration  of  the  separation  of  bodies  in  the  spheroidal 
fcom  the  generating  surface,  is  afforded  by  the  celebrated  experiment  of  freexing 
in  a  red-hot  platinum  crucible,  the  discovery  of  which  remarkable  efkci  was  as 
l: — 

[uid  anhydrous  sulphurous  acid  boils  under  ordinary  circumstances  at  about 
h.  M.  Boutigny  was  desirous  of  studying  this  material  under  the  condition  of 
idicity ;  and,  having  poured  a  little  into  a  red-hot  platinum  crucible,  he  was  sur- 
to  find  that  occasionally  the  acid  became  opalescent.  Eventually  he  discovered 
arise  from  moisture  existing  in  the  surrounding  atmosphere.  He  found  the 
3ent  material  tp  be  ice;  and,  by  slightly  altering  the  experiment,  he  pro- 
ice  in  solid  cakes.  Instead  of  relying  upon  atmospheric  moisture,  he  poured 
drops  of  water  upon  the  spheroidal  sulphurous  acid.    The  water  immediately 


a  sHghtly-moistened  hand  be  plunged  into  molten  iron,  lead,  or  other  metal, 
dthdrawn  with  moderate  rapidity,  not  the  slightest  injury  will  be  expe- 
L  Usually  the  natural  moisture  of  the  skin  is  sufficient;  but,  to  ensure  safety, 
nd,  previous  to  immersion,  should  be  rubbed  with  a  moist  dotli.  The  only  points 
(ttended  to  in  performing  these  experiments  are  to  avoid  dashing  the  hand  into 
)lten  mass,  to  be  sure  tha  latter  be  at  a  temperature  greatly  above  its  consolidating 
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point,  and  to  ox>erate  with  short  nails.  The  experiment,  though  perfectly  harmless, 
appears  so  frightful,  that  it  is  some  little  time  hefore  even  a  philosopher  can  he  induced 
to  perform  it.  Nevertheless,  there  is  reason  to  helieve  that  feats  of  a  similar  kindhaye 
heen  performed  at  periods  of  very  high  antiquity.  The  impunity  with  which  the  act  is 
performed  follows  as  the  inevitable  result  of  that  law  of  spheroidal  fluidity  which  deter- 
mines an  absolute  separation  between  a  body  sufficiently  heated,  and  moisture  in  its 
vicinity.  The  hand  becomes  invested  with  a  layer  of  spheroidal  fluid,  through  which 
the  heat  cannot  penetrate. 

Eesearches  relative  to  the  spheroidal  state  may  lead,  as  M.  Boutigny  remarks,  to 
the  explanation  of  many  recorded  miracles  of  the  ancient  and  middle  ages.  Thus,  m 
the  jeen  241,  Sapor,  or  Chapour,  ordered  the  Magi  to  do  all  in  their  power  to  bring 
back  to  the  religion  of  their  fathers  certain  seceders.  One  of  the  High  Priests  of  tiie 
dominant  religious  order  proposed  that  the  truth  or  falsehood  of  the  religious  schism 
should  be  determined  according  to  the  result  of  a  fiery  ordeal  on  his  own  person.  He 
proposed  that  eighteen  pounds  of  molten  copper  should  be  poured  upon  his  naked  body; 
and  that  if  he  came  forth  xmscathed,  the  seceders  should  accept  the  miracle  as  a  proof  that 
their  dogmas  were  false.  The  priest,  we  are  informed,  submitted  to  the  ordeal;  and  not 
being  in  any  degree  injured,  the  seceders  were  all  converted. 

The  marvellous  tales  of  ordeals  by  fire  during  the  middle  ages — of  incombustiblo 
men,  who  could  run,  imharmed,  barefooted  over  glowing  iron — ^who  could  plunge  their 
hands  with  impunity  into  molten  iron  or  lead,  and  apply  glowing  iron  to  their  tongues^ 
are  probably  true.  The  feats  seem  miraculous ;  yet  the  real  miracle  would  be  a  con- 
trary result. 

Specific  GaloTic. — ^Equal  weights  of  the  same  body,  at  the  same  temperBtme, 
contain  the  same  quantities  of  caloric.  But  equal  weights  of  different  bodies,  at  Had 
same  temperature,  contain  imequal  quantities  of  caloric.  The  quantity  of  caloric  whidi 
one  body  contains,  compared  with  that  contained  in  another,  has  been  considered  hf 
Dr.  Irvine  and  others  to  be  proportional  to  their  specijie  heats,  a  term  employed,  by  him 
and  by  others,  to  denote  the  quantity  of  caloric  which  a  body  requires,  in  order  to  be 
heated  a  single  degree,  or  through  a  certain  number  of  degrees,  relatively  to  that 
required  by  any  other  body  to  produce  the  same  change.  The  method  of  detennining 
the  specific  heat  or  specific  calorie  of  diflerent  bodies  is  as  follows : — 

It  has  already  been  observed,  that  equal  weights  of  the  same  body,  at  difoent 
temperatures,  give,  on  admixture,  the  arithmetical  mean.  Thus,  the  temperature  of  t 
pint  of  hot  water  and  a  pint  of  cold,  is,  after  mixture,  very  nearly  half  way  betweea 
that  of  the  two  extremes.  But  this  is  not  the  case  when  equal  quantities^  of  difirtt^ 
bodies,  at  different  temperatures,  are  employed. . 

(a).  If  a  pint  of  quicksilver,  at  100°  Fah.,  be  mixed  with  a  pint  of  water  at  4(f, 
the  resulting  temperature  will  not  be  70°  (the  arithmetical  mean),  but  only  60°.  Here 
the  quicksilver  loses  40°  of  heat,  which  nevertheless  raise  the  temperature  of  the  water 
only  20° :  in  other  words,  a  larger  quantity  of  caloric  is  required  to  raise  the  tempert- ' 
ture  of  a  pint  of  water  than  that  of  a  pint  of  mercury,  through  the  same  number  of 
degrees.  Hence  it  is  inferred,  that  water  has  a  greater  capacity  fov  caloric  than  )> 
inherent  in  quicksilver. 

{h).  The  experiment  may  be  reversed  by  heating  the  water  to  a  greater  degree  thin 
the  quicksilver.  If  the  water  be  at  100°,  and  the  mercury  at  40"*,  the  resulting  tem- 
perature will  be  nearly  80° ;  because  the  pint  of  hot  water  contains  more  caloric  than  is 
necessary  to  raise  the  quicksilver  to  the  arithmetical  mean.  j 
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(e).  Lastly,  if  we  take  two  measures  of  quicksilyer  to  one  of  water,  it  is  of  do 
cQOseqaenoe  which  is  the  hotter ;  for  the  resulting  temperature  is  always  the  mean 
between  the  two  extremes ;  for  example,  TO"*,  if  the  extremes  be  100''  and  40°.  Here, 
it  is  manifMt,  that  the  same  quantity  of  caloric,  which  makes  one  measure  of  water 
▼aimer  by  80**,  is  sufficient  for  making  two  measures  of  quicksilyer  warmer  by  the 
same  number.  Quicksilrer  has,  therefore,  a  less  capacity  than  water  for  caloric,  in  the 
proportion,  when  equal  measures  are  taken,  of  one  to  two. 

I^  instead  ef  equal  huUct  of  quicksilyer  and  water,  we  had  taken  equal  weights^  the 
disparity  between  the  specific  caloric  of  the  mercury  and  water  would  haye  been  stiU 
greater.  Thns,  a  pound  of  water  at  100%  mixed  with  a  pound  of  mercury  at  40**,  giyes 
a  tenperatore  of  97^^^,  or  27^**  aboye  the  arithmetical  mean.  In  this  experiment,  the 
water,  being  cooled  £rom  lOO**  to  97^**,  has  lost  a  quantity  of  caloric  reducing  its 
tenqperatoxe  only  2^"* ;  but  this  caloric,  communicated  to  the  pound  of  mercury,  has 
occasioned,  in  its  temperature,  a  rise  of  no  less  than  67i'*»  Therefore,  a  quantity  of 
caloric,  necessary  to  raise  the  temperature  of  a  pound  of  water  2^°,  is  sufficient  to  raise 
that  of  a  pound  of  mercury  67^° ;  or,  by  the  rule  of  proportion,  the  caloric  which 
raises  the  temperature  of  a  pound  of  water  l"*,  will  raise  that  of  a  pound  of  quicksUyer 
about  23**.  Hence  it  is  inferred,  that  the  quantity  of  caloric  contained  in  water  is  to 
tiiat  contained  in  the  same  weiffht  of  quicksilyer  as  23°  to  V,  Or,  stating  the  caloric 
of  water  at  1%  that  of  quicksilyer  will  be  ^  part  of  1%  or  0  0435.* 

In  a  similar  manner  may  the  specific  heats  of  other  bodies  be  ascertained.  If  a 
pound  of  water  at  100°,  and  the  same  weight  of  oil  at  50°,  be  mixed,  the  resulting 
temperature  is  not  75°  (the  mean),  but  83^° ;  the  water,  therefore,  has  lost  only  16}% 
while  the  oil  has  gained  33)°.  Or,  if  equal  weights  of  water  at  60%  and  oil  at  100°,  be 
mixed,  the  resulting  temperature  is  66)°,  so  that  the  oil  has  giyen  out  33)%  and  the 
water  has  increased  only  16|°.t  Hence  the  heat  which  raises  a  giyen  weight  of 
water  1%  will  raise  the  same  weight  of  oil  2° ;  and,  as  the  specific  heats  are  inyersdy 
as  the  changes  of  temperature,  the  specific  heat  of  water  may  be  called  1,  and  that  of 
oil  0-5. 

In  some  instances,  it  is  not  possible  intimately  to  mix  together  the  bodies  under 
examination.  When  the  specific  heat  of  a  solid  mass  of  metal  is  to  be  ascertained,  it 
may  be  heated  throughout  to  a  certain  degree,  and  then  surrounded  by  water  of  32^, 
dbtenring^the  increase  of  temperature  which  is  gained  by  the  water,  and  calculating 
the  apedfio  heat  in  the  same  manner  as  before.  This  was  the  method  of  Wilcke ;  but 
Layoisier  and  Laplace  substituted  ice  for  water,  placing,  by  means  of  an  apparatus 
called  the  Gahrimtter,  the  heated  body  in  the  centre  of  a  quantity  of  ice,  and  deter- 
xnining  the  caloric  eyolyed  by  the  quantity  of  ice  melted  in  each  instance,  i 

When  this  comparison  is  extended  to  a  great  yariety  of  bodies,  they  ;vq11  be  found 
to  diffi^  yery  considerably  in  their  capacities  for  caloric.  The  results  of  numerous 
experiments  of  this  kind  are  comprised  in  a  table  of  specific  caloric. 

The  capacities  of  bodies  for  caloric  influence  considerably  the  rate  at  which  they 
are  heated  and  cooled.  In  general,  those  bodies  are  most  sbwly  heated,  and  cool 
moat  slowly,  which  haye  the  greatest  capacities  for  heat.^  Thus,  if  water  and  quick- 
silyer be  set  in  similar  quantities,  and  at  equal  distances,  before  the  fixe,  the  quicksilyer 

•  The  aboye  numbers,  which  dlfTer  from  those  commonly  stated,  are  given  on  the  anthority  of 
Dr.  DsltoB. 

•f  Dr.  Thomson's  «<C9iemistry,"  yol.  i.  «  See  Martlne  on  «<  Heat,"  p.  74. 
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will  bo  much  more  rapidly  heated  than  the  water ;  and,  on  remoyal  from  the  fire,  it 
will  cool  with  proportionally  greater  quickness  than  the  water.  By  ascertaining,  then, 
the  comparative  rates  of  cooling,  we  may  determine,  with  tolerable  exactness,  the 
specific  caloric  of  bodies. 

It  has  been  doubted  whether  the  specific  heats  of  bodies  are  permanent  bo  long  as 
they  retain  their  form ;  in  other  words,  whether  a  quantity  of  heat,  which  raises  a 
body  through  a  certain  number  of  degrees  at  any  one  temperature,  will  raise  it  throagh 
an  equal  number  of  degrees  at  other  temperatures.  This  subject,  to  which  Mr.  Dalton 
had  formeriy  turned  his  attention,*  has  been  lately  investigated  more  coimptetely  by 
Petit  and  Dulong.f  They  heated  the  body  to  be  tried  to  the  required  temperatures, 
and  ascertained  what  number  of  degrees  of  heat  it  communicated  to  a  certain  qnasrtity 
of  water.  Repeating  these  trials  at  various  points  of  the  thermometric  scale,  they 
found  that  the  specific  heats  of  bodies  are  greater  at  high  than  at  low  temperatlnes. 
Thus  the  specific  heat  of  iron  was  found  to  be  as  foUows : — 

Centigrade.  Speeific  heat. 

From  0  to  100*= 0'1098 

„    Oto200° 0-1150 

„    0to300° 0-1218 

„    0  to  350'' 0-12o5 

The  same  law  was  found  to  extend  to  various  other  bodies,  as  is  shown  by  the 

following  table : — 

Specific  beats  between  Specific  beats  between 

iP  and  100°  Cent.  0«  and  800°  Cent. 

Mercury  .    •     .        .         .        .  0*0380  ....  0.0350 

Zinc 0-0927  ....  0-1015 

Antimony         ....  0-0507  ....  0-0649 

Silver 0-0657  ....  00611 

Copper      .        .        .        .        .  00949  ....  01013 

Platinum 00355  ....  0*0355 

Glass        .....  01770  ....  01900 

Another  law,  deduced  by  Petit  and  Bulong,  from  their  researches  on  beat,  is,  that 
the  atoms  of  aU  simple  bodies  have  precisely  the  same  speeific  heat.  This,  however,  is  to 
be  considered,  at  present,  merely  in  the  light  of  an  ingenious  speculation,  derived  from 
a  train  of  reasoning,  a  detect  in  any  part  of  which  must  be  fatal  to  the  conduskms.! 
In  the  following  table,  the  specific  heats  of  certain  bodies,  found  by  the  me/HioA  of 
Delaroche  and  B^r^d,  Segnault,  Naumann,  Dclarive,  and  Marcet,  is  given,  together 
with  the  weights  of  the  atoms  of  those  metals,  and  the  products  of  the  specifio  hesli 
and  weights  of  atoms. 

If  the  preceding  induction  should  prove  to  be  correct,  the  chenuft  wflt  be 
furnished  with  another  means  of  testing  the  accuracy  of  atomic  weight  for  airjr 
given  body.  Indeed,  this  sort  of  calculation  has  already  been  followed ;  hut  mueh  'fK^ 
remains  to  be  proved  as  regards  the  original  proposition  before  the  results  thus  edii6ol 
can  be  regarded  as  trustworthy. 

•  "  New  System,'*  i.  53.  i  "  Ann.  Pbilo8.,»'  xiii.  ^" 

X'  See  Dah»ii*8  Striehires,  in  bis  "  New  System/*  v»l,  ii  jr.  280. 
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TABIiB  OP  TUB  BPBCIFIC  HBA.TB  OF  CERTAIN  BOOIESi,  AKD  PAODUCT  OF  THEIU 
SPECIFIC  HEAT  AND  ATOStIO  WEIGHT. 


Substance. 


Oxygen  gas    . 
Hydrogen  gas 
Kitrogen  goa 
Diamond 
Graphite 
Ghaicoal 

Phoroliorus    . 

Sulpnxir 

Selenium 

Iodine 

Bromine 

Tmngsten 

Molybdenum 

Manganese    . 

Aisenio 

Antimony 

Telluriiim 

Bismuth 

Zino 

Cadminm 

Tin       .        . 

Lead     . 

Iron 

OohaH   . 

KiekBl   . 

Copper. 

Mercury 

Silyer    . 

Gold      . 

Platinum 

Palladium 


Spedflo  heat. 

Atoinie 
weight. 

0-2861 

8 

3-2936 

1 

0-2764 

14 

01469 

6 

0-2019 

6 

0-2009 

6 

0-2416 

6 

0-29G4 

6 

0-1887 

31-4 

0-2026 

16 

00837 

40 

0-0641 

126 

0-1350 

78-4 

0-0864 

96 

00722 

48 

0-1441 

27-6 

0-0814 

76-2 

0-0608 

129 

00616 

64 

00808 

106-4 

0-0966 

S2-2 

0-0667 

65-$ 

0-0662 

69 

0-0314 

103-8 

01138 

27-2 

01070 

29-6 

0-1086 

29-6 

0*0961 

31-8 

00333 

101-4 

0-0670 

108.1 

0-0324 

199 

00824 

98-7 

00593 

63*4 

0-0368 

98-7 

ProductK. 

1-8888  ' 
3-2936 
3-8566 
0-8814 
1-2114 
1-2064 
1-4490 
1-7784 
6-9260 
3*2416 
3-3480 
6-8186 
10-6840 
3-4680 
3-4666 
3-9772 
6-1213 
6-6632 
3-2960 
3-2771 
30761 
3-1639 
3-3158 
3-2693 
8-0964 
3-1672 
3.2146 
3*0242 
3-3766 
6-1617 
6-4476 
31979 
31666 
3-6322 


I  S»at  Af  fhumk-^The  deteanination  of  tiie  specifio  heat  of  gases  is  a 
tiffioUt  and  important  proUem,  which  has  suocessiYely  employed  the  labour  tad 
ingaaidty  of  Orawfioord,  Layoisier,  and  Po  la  Place,  Leslie,  Gay  Lussac,  Dalton, 
Delazoohe  and  B^rard,  Clement  and  Besormee,  Delariye  and  Maroet,  Petit  and  Ihilong, 
ffennann,  Avogadro,  Begnault,  Mayer,  Bocksumn,  and  otheni, 

Gnwlord  began  the  investigation,  and,  after  many  unsuccessful  attempts,  adopted 
Hie  fiaUowing  method: — ^He  procured  two  copper  Teasels,  made  extremely  thin,  and  of 
the  same  siic,  shape,  ai^d  weight  He  filled  one  of  these  vessels  with  the  gas  under 
fliawinatinn,  pawrioasly  deinived  of  moisture,  and  exhausted  the  other  vessel  by  an 
air*p«mpk  He  next  heated  both  vessels  by  ^unging  them  into  boiling  water,  and  then 
suddenly  immersed  both  in  cylindecs  containing  a  quantity  of  cold  water,  the  same  in 
each,  just  sufficient  to  cover  them.    The  vessel,  containing. air  or  any  ^as,  raised  the 
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temperature  of  the  water  surrounding  it  higher  than  the  exhausted  vessel ;  and,  sub- 
tracting the  latter  increase  from  the  former,  he  considered  the  remainder  as  the  effect 
produced  by  the  included  gas,  and  as  indicating  its  specific  heat.  The  results  were 
exhibited  in  a  table,  which  it  is  unnecessary  to  insert,  as  they  are  now  considered  to  be 
very  remote  from  the  truth,  owing  to  the  defects  of  the  method  of  research  employed 
by  that  ingenious  philosopher. 

Lavoisier  and  Laplace,  pursuing  the  same  inquiry  in  a  different  way,  used  their 
calorimeter,  through  which  they  passed  a  current  of  gas,  by  means  of  a  serpentine  tube, 
enveloped  by  ice.  The  gas  was  heated  by  passing  it  through  another  serpentine, 
Burroimded  by  boiling  water,  before  it  entered  the  calorimeter.  A  thermometer,  placed 
at  each  end  of  the  serpentine  of  the  calorimeter,  measured  the  temperature  of  the  gas, 
when  it  entered  and  when  it  came  out  of  the  instrument  This  mode  of  experimenting 
is,  however,  scarcely  less  objectionable  than  that  of  Crawford ;  and  the  calorimeter  itself 
has  since  been  proved  to  be  liable  to  objections  as  a  measurer  of  heat,  which  prevent 
the  results  obtained  by  its  means  from  being  considered  as  more  than  loose  approxima- 
tions. 

Mr.  Leslie  attempted  the  solution  of  the  problem  by  a  method  founded  on  the 
following  principle : — If  into  a  large  glass  receiver,  from  which  the  atmospheric  air  has 
been  partly  exhausted,  any  gas  be  allowed  to  enter,  the  dilated  air  which  the  receiver 
contains  will  be  condensed;  and  its  temperature  will  be  increased  by  a  constant 
quantity,  whatever  may  bo  the  entering  gas.  But  the  gas  which  is  admitted  will  absorb 
a  part  of  this  excess  of  heat,  and  the  mixture  will  have  a  mean  temperature  between 
that  of  the  entering  gas  and  that  which  it  would  have  acquired  if  it  had  not  been 
obliged  to  part  with  a  portion  of  its  heat  Now  it  is  evident  that  this  mean  tempera- 
ture will  be  so  much  the  lower,  the  greater  the  specific  heat  of  the  gas  which  enters. 
From  experiments  made  in  this  way,  the  inference  seemed  to  follow  that  equal  volumes 
of  hydrogen  and  atmospheric  air  have  the  same  specific  heat.  Analogous  experiments, 
however,  made  by  Gay  Lussac,  gave  different  results.  The  last  mentioned  philosopher 
had  recourse,  therefore,  to  another  mode  of  proceeding.  It  consisted  in  passin/^  to  the 
centre  of  a  small  reservoir,  where  a  thermometer  was  placed,  currents  of  two  different 
gases,  the  one  hot,  the  other  cold.  Knowing  the  temperature  of  the  two  gases  before 
their  mixture,  and  also  that  of  the  mixture,  it  was  easy  to  infer  the  ratio  of  their 
specific  heats.  The  numbers  thus  obtained  do  not  differ  very  materially  £rom  those  of 
Delaroche  and  B6rard. 

To  the  last  mentioned  philosophers  we  are  indebted  for  the  joint  production  of  an 
elaborate  memoir,  containing  the  results  of  a  set  of  experiments  made  with  great 
patience  and  sagacity.*  To  their  essay  (published  in  the  85th  volume  of  the  ''  Ann.  de 
Chim."  and  in  the  2nd  volume  of  Thomson's  '*  Annals,''  1813)  is  prefixed  an  ezceUent 
account  of  all  that  had  been  previously  done  on  the  same  subject  They  employed  a 
calorimeter ;  but  instead  of  using  ice,  they  surrounded  the  serpentine  tube,  five  feet  in 
length,  with  water  of  a  given  temperature,  and  passed  through  it  a  known  quantity  of 
gas  of  a  given  temperature  (212°)  in  a  uniform  current  The  quantity  of  water,  and 
the  capacity  of  the  containing  vessel  for  heat,  were  previously  determined ;  and  the 
apparatus  had  the  necessary  appendages  for  ascertaining,  at  any  moment,  the  quantity 
of  heated  gas  passed  through  the  calorimeter,  as  well  as  the  temperature  of  the  water. 
In  this  way  each  gas  might  be  expected  to  impart  heat  to  the  water,  in  greater  or  lev 
quantity,  compared  with  other  gases,  and  in  proportion  to  its  capacity.  The  following 
taUe  exhibits  the  results  of  experimenters  on  this  subject :— 
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PRESSUBR   OF  THE 

JLTMiMTM^at, 

SpKifi 

cheaL 

EelatlTvlmt 

AuUstiritki. 

Tb*tftf 

That  of 

That  of 

witer  ^  L 

air  ^  1. 

oir  =  1. 

iir 

0*2500 

1-0000 

1-0000 

demont  and  Dcsonufle 

0'2fl69 

Dekroehi}  and  B^rard 

0*3048 

Suermana 

Oxygen  gmi  .    *     «    . 

0^1950 

0-7328 

0*8080 

Apiobn 

Ddarocho  and  Berard 

0-2361 

0-8a48 

0-9765 

0-2760 

0-902& 

0-9954 

Sucnnaim 

00069 

1-0000 

Clement  and  DcAormt^s, 
DelariTc  and  Marcet, 
Haycraft,  Dulong 

Hydrogen  gi3   »    «    ■ 

9-iJTT4 

0*0640 

Clement  and  Deaonncs 

32936 

12*3401 

09033 

Dcloroclie  and  B^rard 

14423 

1*0000 

DelariT^  and   Matcct, 
Haycraft,  Dulong 

6*1892 

203191 

1-3979 

21-2064 

1-4590 

Apioiin 

DelariTe  and  Marcct 

Citlorine  goa      *     .    , 

0^4074 

I'OOOO 

Niiarogea  gas     *    .    , 

0-2754 

1-0318 

10000 

Dalaix>clie  and  B6rard 

" 

0-3138 

1-0293 

r0043 

1-0751 

1-0480 

ApiotLH 

Delarocbc  and  Bfirard 

Aqueous  vapour     .    . 

0*8470 

3-1360 

1*9600 

Carbomc  oadde  gas     . 

0-3123 

10263 

0-9925 

Suermann 

1*0239 

0996O 

Apjobn 

DdariTe  and  Morcetj 

1*0802 

i*oooo 

Dylong 

0-2&84 

1-0805 

,     1-0340 

Ddloroche  and  Beroid 

CiriKmie  mcid  gai  .     . 

0-6567 

1-0000 

Haycrafl 

0-2124 

0-6925 

1-0655 

S  nermann 

1-1750 

Dulong 

27838 

1-1950 

Apjoiiii 

Delariye  and  Miircet 

1-2220 

0*2210 

0-8280 

12583 

Delaroclie  and  Bdrmd 

09835 

1-5000 

Clement  and  Deaonnea 

SulplraroujB  add  gaa   . 

0-4507 

10000 

DekriTG  and  Matcct 

Sujphm-eted  hyditigen 

0*8485 

10000 

H^dtoohloric  acid  gas 

0-7925 

1-0000 

Hittous  OEide  gas  *    * 

0-6557 

1-0000 

02240 

0-7354 

1-1229 

Suermann 

1*1600 

Dulong 

0*7827 

1-1930 

Apiolm 

0*2360 

0*8878 

1*3503 

Defaroche  and  B^rmd 

NMe  oxide  gaA    ,    . 

0-9616 

1-7000 

Dularive  and  Maroet 

Ammotnaeol  gafi    .    . 

^ — . 

1-6968 

1-0000 

CjimpgeBgaa   •    *    . 

0*5547 

1*0000 

1-0660 

Haycrait 

DulDDg 

1'6310 

- 

0-4207 

1*5763 

1-5530 

Deloioche  and  Bcratd 

1*6309 

Dolflrive  and  Marcet 
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To  the  results  of  Delaroche  and  Berard  it  has  been  objected  by  Mr.  Hay  craft*  that 
they  are  too  dependent  on  calculations  and  corrections,  and  that  they  were,  in  all  cases, 
made  on  gases  charged  with  moisture  at  an  elevated  temperature.  He  was,  therefore, 
induced  to  contrive  an  apparatus,  and  to  execute  a  set  of  experiments,  in  which  these 
sources  of  fallacy  should  be  avoided.  By  these  he  was  led  to  conclude  that  all  gases, 
simple  as  well  as  compound,  have  the  same  capacities  for  heat.  This  view,  so  far 
as  respects  simple  gases,  had  already  been,  taken  by  Petit  and  Dulong,  from  reason- 
ing founded  on  the  facts  of  Delaroche  and  Berard ;  but  they  do  not  appear  to  have 
thought  of  extending  the  laws  to  the  compound  gases. 

MM.  Aug.  Delarive  and  F.  Marcet,t  whilst  admitting  fully  the  merits  of  the 
researches  of  Delaroche  and  Berard,  are  still  of  opinion  that  a  few  sources  of  fallacy 
were  not  provided  against  by  those  philosophers,  which  are  sufficient  to  disturb  the 
accuracy  of  their  results.  MM.'  Marcet  and  Delarivo  undertook,  therefore,  a  nev 
set  of  experiments,  and  extended  them  to  fourteen  different  gases,  all  prepared  with  the 
utmost  attention,  and  carefully  deprived  of  hygrometric  moisture.  The  principle  of 
their  method  was,  to  expose  equal  volumes  of  different  gases  to  a  uniform  source  of 
heat,  during  the  same  interval  of  time,  the  volume  of  gas  boing  kept  uniformly  the 
same  during  the  experiment.  By  the  augmentation  of  elastic  force  in  each  gas,  they 
judged  of  the  temperatifre  which  it  possessed  at  the  end  of  the  fixed  period.  This  was 
easily  deduced,  by  means  of  the  law  whicji  connects  the  elastic  force  with  the  tem- 
perature of  gases.  It  was  found  that  all  the  gases  were  brought  to  the  same  temperature 
in  the  same  inteorval,'  proving  that  they  have  all  the  same  specific  heat,  with  the  single 
exception  of  hydrogen  gas.  This  gas  was  heated  -^  of  a  centigrade  degree  higher  than 
other  gases  under  Ae  same  circumstances ;  not,  however,  the  authors  apprehend,  from 
any  d^erence  of  capacity,  but  because,  being  a  much  better  conductor  than  any  of  the 
rest,  it  is  more  quickly  heated  and  cooled.  From  a  review  of  their  experiments,  they 
consider,  tihen,  the  jfoUowing  epnolusions  as  legitimately  deduciblc  : — 

1.  That  imder  the  same  pressure,  and  with  equal  and  constant  volumes  (the  elas- 
ticity alone  varying),  all  gases  "have  the  same  specific  heat. 

2.  That,  all  other  circumstances  remainlhg  the  same,  the  specific  heat  diininishes  at 
the  same  time  as  the  pressure,  and  equally  for  all  the  gases,  according  to  a  progression 
but  little  convergent,  and  in  a  much  less  ratio  than  that  of  the  pressures. 

3.  That  eaeh  gas  has  a  difSarent  power  of  conducting  heat. 

Such  have  been  the  principal  attempts  to  ascertain  the  specific  heat  of  different 
gases,  attempts  which  may  be  considered  as  having  led  to  no  decisive  results,  partly 
from  the  extreme  nicety  and  delicacy  of  the  necessary  manipulations,  and  partly) 
perhaps,  from  some  defect  in  the  principle  of  the  several  investigations.  In  cases  whan 
the  quantity  of  matter  submitted  to  experiment  is  so  exceedingly  minute ;  vhere  dM 
changes  of  temperature  are  so  small  and  evanescent ;  and  where  so  many  causes  operate, 
which  it  is  difficult  to  separate  from  each  oth^er,  it  is  not  surprising  that  the  most  saga- 
cious philosophers  should  have  £uled  to  arrive  at  sound,  or  even  similar,  conclusions. 
Thesubjeet  then  may  be  considered  as  still  open  to  further  research|  andwiUweU 
reward  whatever  skill  and  labour  may  be  bestowed  upon  it. 

The  following  epitome  of  the  various  means  had  recourse  to  for  arriving^  «t  tibffr 
results  by  the  philosophers  indicated  by  the  preceding  table,  is  taken  from  the  "  Hand- 
book of  Qhemistry>  Gmelin,"  English  edition,  vol  i.  p.  239  : —  h 

When  the  bodiet  of  different  temperatures  and  different  capacities  for  heat  are 

♦  "  Ann.  de  Chim,  et  de  Phys."  xxvi.  298.  +  "  Ann.  de  Chim.  et  do  Phys.'»  xxxr.  5. 
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mixed  together,  tho  tcmporaturo  of  tho  mixture  is  not  the  mean  between  the  tempera- 
tures of  the  individual  subtances.  Equal  weights  of  bodies,  equally  heated  or  equally 
cooled,  but  of  different  capacities  of  heat,  raise  or  lower  the  temperature  of  a  given 
quantity  of  water  through  different  numbers  of  degress,  or  they  melt  unequal  quan- 
tities of  ice  at  0° .  Spheres  of  equal  size,  and  equally  heated,  but  of  substances  having 
different  capacities  for  heat,  require  different  times  to  cool  to  the  same  point  in  the 
same  medium ;  the  radiating  power  of  tho  surface  being  either  accounted  for,  or  made 
the  same  in  all.  Gases  inclosed  in  a  manometer  placed  in  a  warmer  medium,  require 
differesxt  timea  to  produce  in  them  the  same  amount  of  expansion  by  heat.  The  first 
of  these  methods  was  adopted  by  Wilke,  Crawford,  Kirwan,  Dalton,  and  Potter ;  the 
aecoaidy  by  DeUuroohe  and  Bcrard,  Avogadro,  Naumann,  and  Ecgnault ;  the  third,  parti- 
cularly, by  Lavoisier  and  Laplace>  with  their  calorimeter;  the  fourth,  by  Mayer,  Bock- 
mann.  Petit  and  Dulong,  Hermann,  Delarive  and  Marcet ;  the  fifth,  by  Delarive  and 
Ifarcet — £ot  the  determination  of  tho  specific  heat  of  bodies. 

After  having  investigated  the  specific  heats  of  tho  different  gases,  MM.  Delarocho 
and  Bcrard  ascertained  that  the  specific  heat  of  any  one  gas,  considered  with  respect  to 
its  Yoliime,  augments  with  its  density,  but  in  a  proportion  less  than  the  increase  of 
densifiy.  On  thia  subject  MM.  Clement  and  Desormes  luive  given  the  following 
retnlti:—  * 


Under  pret- 
Mreofin. 

of  mere. 


Soocific 
hent. 


Atmosphcrie  air 

Ditto 

Ditto 

Ditto 

Ditto 


39-6 
29-84 
14-92 
7-44 

a-74 


1-215 
1000 
0-698 
0*540 
0-368 


Azotic  gas 
Oxyffen 
Hydrogen. 
Carbonic  add 


Under  i>re8. 
0ar«.of  in. 
of  mere. 


29-84 
29-84 
29-84 
29-84 


Specific 
heat 


1000 
1-000 
0-664 
1-600 
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01^  ELECTRICITY. 

The  science  of  Electricity  constitutes  at  tliis  time  so  large,  and  so  important  a  brancli 
of  Natural  Philosophy,  that  entire  treatises  are  scarcely  sufficient  for  its  exposition.  It 
would  be  impossible,  therefore,  in  a  work  especially  devoted  to  popular  use,  to  furnish 
the  student  with  more  than  a  general  summary  of  electrical  facts  and  theories. 

In  doing  this,  it  will  be  my  object  to  direct  especial  attention  to  those  points  of 
electrical  philosophy  which  bear  more  intimately  than  others  upon  its  practical  uses ; 
and  if  the  questions  at  issue  between  electricians  are  more  summarily  disposed  of  than 
their  importance  seems  to  merit,  this  omission  is  to  be  understood  in  no  disrespectful 
sense,  but  in  deference  to  the  limits  and  the  objects  of  this  treatise ;  and  in  considera- 
tion of  tbe  existence  of  admirable  special  treatises  on  electricity,  to  which  the  reader 
who  desires  further  information  respecting  the  laws  of  that  science  may  refer. 

Definition  of  the  Science.— The  term  Electricity  is  derived  from  lyXcrrpor, 
amber,  a  substance  which  when  rubbed  with  silk,  flannel,  &o.,  acquires  the  property  of 
attracting  light  bodies,  which  property  is  due  to  afonotion  which  philosophers  have  agreed 
to  caU  eleetrieiti/f  and  is  frequently  treated  of  as  dependent  on  the  electric  fluid  or  fluids ; 
althoug)i  no  demonstration  of  the  existence  of  such  fluids  has  ever  been  ofiered,  and, 
indeed,  the  assumption  of  such  is  rather  at  variance  than  otherwise  with  our  present 
ideas  concerning  this  mysterious  agency. 

The  attractive  influence  manifested  by  amber  when  rubbed,  was  known  at  very 
early  periods,  being  mentioned  by  Theophrastus  and  Pliny.  The  commencement  of 
electrical  science,  however,  is  of  very  recent  date,  inasmuch  as  this  branch  of  philoso- 
phy is  scarcely  more  than  a  century  old  at  this  time.  "  The  philosophers  of  1760," 
remarks  Professor  Delarive,*  "knew  very  little  beyond  that  of  the  nature  aad  pro- 
perties of  electricity.  ,  Who  at  that  time  could  have  supposed  that  meteorology  would 
ere  long  discover  in  electricity  the  cause  of  the  grand  phenomena  of  the  atmosphere? 
that  heat  would  borrow  from  it  its  most  perfect  instruments,  and  the  means  of  mani- 
festing its  [most  important  laws  ?  that  the  molecular  physics  would  have  employed  it 
for  the  purpose  of  penetrating  into  the  intimate  constitution  of  bodies ;  and  would  have 
caused  it  to  concur  with  pola^ed  light,  in  the  manifestation  of  relations  that  exist 
between  ponderable  matters  and  imponderable  ether  ?  that  chemistry  would  have  been 
indebted  to  it  for  the  discovery  of  new  elements,  the  formation  of  new  compounds,  its 
most  powerful  means  of  analysis  and  synthesis,  and  the  most  satisfSeu^tory  theories? 
that  mineralogy  and  geology  would,  in  a  great  measure,  have  found  in  it  the  explana^ 
tion  of  the  origin  of  their  crystals  and  their  strata  ?  that  physiology  would  have 
deduced  from  it  a  more  intimate  knowledge  of  the  forces  that  rule  over  animated 
matter,  and  the  secret  of  acting  on  such  flatter  almost  ais  life  acts  ?  that  medicine 
would  have  discovered  in  it  resources  against  maladies  hitherto  assumed  to  be  in- 
curable ?  that  the  metallurgic  arts  would  have  found  in  it  new  processes  for  extract- 
ing, moulding,  and  applying  metals?  that,  finally,  it  would  have  furnished  to 
mechanics  a  force  as  prompt  as  thought,  equally  independent  of  time  and  space — ^would 
have  enabled  intelligence  to  escape  from  its  limited  envelope  to  dart  at  pleaauie  with 
the  rapidity  of  lightning  into  the  most  distant  regions  i" 
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Inttead  of  statmg  the  theories  which,  from  time  to  time,  have  been  adopted  for  the 
explanation  of  eleotrioal  phenomena,  the  more  conyenient  method  of  ttady  seems  to  be 
founded  on  a  repetition  of  certain  frindamental  experiments,  in  accordance  with  which 
erery  electrical  theory  must  necessarily  be  framed.  The  development  of  electrical 
energy  irom  amber  by  friction,  has  already  been  adverted  to.  The  next  link  in  the 
chain  of  eleetrieal  dononstration  consists  in  showing  that  the  property  in  question  is 
not  confined  to  amber,  but  may  be  accepted  as  universal  for  all  bodies. 

Dew«loy»Mit  of  Sl«otxioity. — For  the  purpose  of  this  experiment  the  most 
convenient  fonn  of  g^  to  be  employed  is  a  tube,  closed  at  both  ends  hermetically, 
and  having  an  eztemal  diameter  of  about  an  inch.  If  such  a  tube,  perfectly  dry,  be 
rubbed  with  a  piece  of  flannel,  also  perfectly  dry,  it  will  be  found  to  have  acquired  attrac- 
tive properties  similar  to  those  already  referred  to  amber  when  similarly  treated.  For 
the  pmpoae  of  testing  the  acquisition  of  these  properties,  only  very  simple  apparatus 
is  required.  A  feather,  suspended  by  means  of  a  silken  thread  (white  by  preference), 
or  a  light  ball  of  elder  pith,  similarly  suspended,  constitutes  a  sufficient  apparatus, 
which  may  be  variously  modified  according  to  the  ingenuity  of  the  operator.  If  the 
g^ass  tube,  having  been  rubbed  as  described,  be  caused  to  approach  the  suspended  feather 
or  pith-ball,  either  of  these  light  substances  will  be  found  to  be  affected  by  a  certain 
force,  appearing  to  emanate  frt>m  the  tube ;  in  other  words,  the  light  substance  will  be 
attracted  towards  the  tube,  with  which  it  will  come  into  contact,  and  to  which  it  will 
adhere  if  the  string  of  suspension  be  sufficiently  long. 

For  a  reason  to  be  presently  explained,  it  will  be  desirable  to  have  several 
feathers  or  pith-balls  suspended,  wherewith  to  test  the  electrical  force  of  diffisrent 
bodies.  Glass  then,  like  amber,  is  capable  of  assuming,  by  friction  against  certain  sub- 
stances, the  state  denominated  that  of  electrical  excitement  or  excitation,  as  evidenced 
by  its  influence  on  a  suspended  light  body,  which  evidence  will  henceforth  be  applied 
to  determining  the  excitation  or  non-excitation  of  other  bodies,  which,  when  thus 
excited,  are  said  to  be  electrified  or  electrized.  Such  electrified,  electrized,  or  excited 
condition,  is  ordinarily  spoken  of  as  owing  to  the  development  of  electricity.  Extending 
the  frictional  examination  to  other  substances  besides  glass  and  amber,  the  power  of 
becoming  electrically  excited  will  soon  be  found  to  be  very  widely  diffused.  Besin, 
pitch,  sealing-wax,  caoutchouc,  sulphur,  gutta-percha,  and  generally  all  bodies  com- 
monly termed  resinous,  besides  a  great  variety  of  others,  will  be  found  to  acquire,  after 
friction,!  the]  power  of  attracting  light  bodies,  and  hence  will  be  said,  according  to  a 
limitation  of  terms  already  accepted,  to  be  in  an  dectrized  or  electrified  state.  Hence, 
too,  such  bodies,  very  early  in  the  history  of  electrical  science,  received  the  denomination 
of^dectrics. 
1  Are  aU  aubetances  eleetrice  t — To  arrive  at  an  answer  to  this  question  is  very  important, 
and,  therefore,  a  few  experiments  will  be  indicated,  from  the  results  of  which  conclu- 
sions may  be  deduced.  It  will  be  readily  seen,  however,  that  the  cause  or  source  of 
electrical  development  with  which  we  are  now  concerned— namely,  ordinary  fric- 
tion— necessarily  limits  our  observations  to  the  bodies  which  are  in  the  condition  of 
solidity.  If,  instead  of  a  stick  of  glass  or  sealing-wax,  or,  in  short,  any  of  the  sub- 
stances already  assumed  to  have  been  employed,  the  experiment  be  varied  by  taking  a 
rod  of  iron,  brass,  or  any  metal,  not  the  slightest  power  of  attraction  will  be  evidenced 
on  light  bodies ;  hence  this  experiment,  taken  without  limitation  of  others,  would 
seem  to  indicate  a  fundamental  distinction  in  the  quality  of  electrical  excitation  for 
different  bodies.    Supposing  it  already  agreed  to  term  glass,  and  all  bodies  which  ac- 
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quire  the  power  of  attraotion  after  Motion,  eleotrios,  then  it  would  seem  natural 
to  call  metaU  and  all  bodies  not  capable  of  electrical  excitation  under  sinular  cireom- 
stances,  non-electrics.  Such,  indeed,  was  a  distinction  long  recognised ;  but  it  has  no 
foundation  in  truth,  as  will  be  soon  rendered  apparent.  If,  instead  of  holding  the 
metallic  bar,  whilst  under  Mction,  by  the  hand,  it  be  held  by  the  intervention  of  glass, 
or  sealing-wax,  or  in  short  any  of  the  substances  to  which  the  appellation  electrioswas 
formerly  applied,  then  a  totally  different  result  will  be  the  consequence.  The  metal 
now  attracts  the  light  body,  just  as  g^ass  or  sealiog-waz  would  haye  done ;  ooDseqnently 
it  is  not  true  to  say  that  metals  cannot  be  excited  electrically  by  Mction.  The  discre- 
pancy must  be  refi^red  to  some  other  cause.  This  cause  is  directly  related  to  the 
function  explained  in  the  next  paragraph. 

Can  the  Electrical  Influence  be  Conveyed  Away  f — ^For  the  purpose  of  arriying  at  a 
satisfEu^tory  answer  to  this  question,  the  following  experiment  may  be  perfonned  :— 

A  bar  of  metal  (B)  being  suspended 


by  silk  strings,  and  the  excited  glass 
tube  (t)  brought  into  contact  with 
one  extremity  of  this  bar,  the  other 
extremity  will  be  found  to  have 
acquired  the  power  of  attracting  the 
pith  ball  (p)  in  the  same  manner  as 
the  tube  {t)  itself  would  haye  done ; 
consequently,  the  electrical  influence 
(whateyer  that  influence  may  be) 
must  haye  passed  through  the  whole 
length  of  the  metallic  bar.  £e- 
peating  the  experiment,  with  the 
substitution  of  yarious  solids  for  the  metallic  bar,  the  general  problem,  whether  any 
solid  be  or  be  not  a  conductor  of  electricity,  may  be  solved;  subject,  howeyer,  to  the 
reseryation.that  possibly  great  differences  of  conducting  power  maybe  regarded  as 
absolute  qualitatiye  differences,  owing  to  the  imperfection  of  our  experimental  pro- 
cesses. In  other  words,  that  which  is  ordinarily  termed  electrical  nonrconductioii 
may,  within  the  limits  of  the  experiment  detailed,  be  nothing  more  than  slow  con- 
duction :  this,  indeed,  is  demonstrated  to  be  the  fact.  Nevertheless,  the  division  of 
bodies  into  electrical  conductors  and  electrical  non-conductors  is  a  good  practical 
classiflcation,  and  therefore  still  retained. 

The  appended  table  shows  the  relation  subsisting,  in  this  respect,  between  the 
bodies  mentioned : — 

.COlOtrCTING  BODIES,  PLACED  tW  THE  OBDEB  OF  THEI&  COWDUCTING  FOWEft. 


All  the  metals. 
"WeU-bumt  carbon. 
Plumbago. 
Concentrated  acids. 
Dilute  acids. 
Saline  solutions. 
Metallic  ores. 
Animal  fluids. 
Sea  water. 


Spring  water. 

Kain  water. 

Ice  above  13°  Fah. 

Snow. 

Living  vegetables. 

Living  animals. 

Flame. 

Smoke. 


Vapour. 

Salts  soluble  in  water. 
Rarefied  air. 
Vapour  of  alcohol. 
„      of  ether.  , 
Earths  and  moist  rocks. 
Powdered  glass. 
Flowers  of  sulphur. 
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Dry  metallic  oxides. 
Oils?(tlie  heaviest  are  the 

best). 
Ashes  of  Te^^etable  bodiea. 
Ashes  of  animal  bodies. 
Many    dry   tnatgumi 

crystala. 
Ice  below  IS*  Fah. 
Phosphorus, 
lime. 

Dry  chalk. 

Native  carbonate  of  baryta. 
Lyoopodiam. 
Oaontehonc. 


Camphor. 

Some  silicious  and  argil- 
laceous stones. 

Dry  marble. 

Porcelain. 

Dry  vegetable  bodies. 

"Wood  that  has  been  strongly 
heated. 

Dry  gases,  and  air. 

Leather. 

Parchment. 

Dry  paper. 

Feathers. 

Hair,  wool. 


Dyed  silk. 
White  sUk. 
RawsOk. 

Transparent  precious  stones. 
The  diamond. 
Mica. 

All  vitrifactions. 
Glass. 
Jet. 
Wax. 
Sulphur. 
The  resins. 
Amber. 
'  Gum  lac. 


Gutta  pcrcha  is  one  of  the  most  perfect  insulators,  but  its  exact  place  in  the  above 
table  is  yet  undetermined. 

The  reason  will  now  bo  evident  why  brass,  iron,  and  metallic  rods  generally  oould 
not  manifest  the  i>ower  of  attracting  light  bodies.  Being  good  electrical  conductors, 
the  influence  was  no  sooner  developed  than  it  passed  through  the  whole  length  of  the 
bar,  through  the  hand  and  arm,  finally  to  the  earth.  It  is  strange  that  so  obvious  an 
explanation  of  the  non-excitability  of  electric  conductors,  when  held  immediately  by 
the  hand,  was  reserved  for  philosophers  of  the  last  few  years  to  offer,  especially  seeing 
that  electricians  more  than  a  century  ago  were  conversant  with  the  fact  that  certain 
bodies  are  conductors  of  electricity,  and  others  non-conductors:  indeed,  without  a 
practical  apjtlication  of  this  fact,  it  would  have  been  impossible  to  produce  artificially 
any  electrical  phenomena. 

The  simple  experiments  already  given  are  sufficient 
to  demonstrate  two  fundamental  qualities  of  the  electric 
influence — ^namely,  conduction  and  attraction.  Before, 
however,  proceeding  to  another  part  of  the  investiga- 
tion, it  will  be  desirable  to  embody  the  principles 
already  deduced  in  the  formation  of  certain  instru- 
ments having  for  their  object  more  precise  demonstra- 
tions than  the  simple  expedients  already  treated  of. 

For  the  performance  of  class-room  experiments, 
pith  balls  are  inconveniently  small ;  their  place  may 
advantageously  be  supplied  by  other  simple  expedients, 
amongst  the  most  efFective  of  which  are  the  fol- 
lowing : — 

1.  Two  hoops  may  be  made  of  thin  card,  or 
paper,  and  one  hoop  being  thrust  through  the  other, 
in  such  manner  that  their  planes  cut  each  other 
mutually  at  right  angles,  the  whole  may  be  secured 
from,  slipping  by  means  of  a  little  adhesive  sub- 
stance, or  a  needle-stitch ;  and  being  thus  secured,  may  be  suspended  after  the 
manner  of  the  pith  ball. 
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2.  Instead  of  two  hoops,  one  may  be  made  considerably  wider  than  the  former,  and 
bcii^  placed  on  a  table,  may  be  caused  to 
rotate  under  the  attraction  of   an  excited 
body. 

3.  A  yery  elegant  means  of  demonstrating 

electric  attraction  on  the  large  scale,  consists 

of  a  thin  bag  of  gold-beater's  skin,  or  thin 

internal  membrane  of  a  turkey's  crop^  gilt. 

Such  are  the  principal   instruments  by 

which    electrical     attraction,    and   another  ^' ^^  ~ 

piodification  of  force,  presently  to  be  treated  of  (repulsion),  can  be  demonstrated  on 
the  large  scale.  A  thousand  other  forms  will  readily  suggest  themselyes  to  the 
student ;  indeed,  the  principles  of  electric  attraction  and  repulsion  have  been  adopted 
in  the  formation  of  mere  toyp,  to  mention  which  at  this  time  would  only  interfere 
with  the  sequence  of  deductions  by  which  I  am  desirous  of  leading  the  student  to  an 
acquaintance  with  the  laws  of  electrical  philosophy. 

Is  the  electric  influence  identical,  from  whatever  body  developed? — ^Whether  friction 
be  applied  to  glass,  sealing-wax,  or,  in  short,  any  possible  substance,  the  electrical 
excitation  resulting  is  found  to  agree  in  the  one  general  respect  of  attracting  light 
bodies ;  hence,  thus  far  evidence  seems  in  favour  of  the  supposition,  that,  from  what- 
ever source  developed,  electricity  is  of  the  same  quality.  A  few  simple  experiments 
will  demonstrate,  however,  the  fallacy  of  this  hypothesis. 

Experiment  1.  Repeating  the  experiment  with  the  suspended  pith  ball,  the  observer 
will  notice  that,  although  it  be  first  attracted  towards  the  excited  bar,  yet  after  coming 
in  contact  with  the  latter,  the  motive  impulse  is  suddenly  reversed,  and  the  pith  ball 
is  repelled  in  such  a  manner  that  if  the  same  excited  substance  be  still  further  excited, 
the  pith  ball  will,  on  the  approach  of  the  latter,  be  still  more  strongly  repelled. 
Hence  we  arrive  at  the  conclusion,  that  under  certain  conditions,  to  be  hereafter 
scrutinized,  electricity  exercises  a  repulsive  as  well  as  an  attractive  force. 

Experiment  2.  Instead  of  one  pith  ball  let  two  be  now  suspended  by  means  of  two 
silk  filaments  from  any  convenient  support,  and  let  any 
excited  substance  be  brought  near  to  them.  Under  these 
circumstances  both  the  pith  balls  will  be  attracted  towards 
the  excited  substance,  will  come  in  contact  with  it,  will 
be  repelled,  and  finally  will  repel  each  other,  as  repre- 
sented in  tiie  accompanying  diagram.  From  whatever 
source  the  electricity  be  developed  the  same  result  will 
ensue ;  a  pair  of  pith  balls,  after  being  brought  into  con- 
tact with  the  excited  body,  will  repel  each  other. 

Experiment  3.  Supposing  a  pair  of  pith  balls  to  have 
been  subjected  to  the  influence  of  excited  glass,  and  that 
they  are  yet  divergent,  let  them  now  be  touched  with  a 
piece  of  excited  sealing-wax,  or  other  resinous  body,  they 
will  immediately  tend  to  collapse ;  and  if  the  electrical 
force  of  the  excited  resinous  body  be  exactly  proportioned 
to  the  force  of  the  electricity  from  glass,  and  if  the  contact  between  the  excited  body 
and  the  pith  balls  be  not  prolonged  for  too  great  a  period,  the  pith  balls  will  remain 
collapsed,  thus  leading  to  the  inference  that  the  force  resulting  from  the  electricity  of 
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^kas  and  yitreouA  bodies  is  opposed  in  such  a  maimer  to  the  electricity  firom  resin  and 
rBsinous  bodies,  that  the  two  kinds  of  electricity  counteract  each  other,  and  produce 
neutrality.  Hence  arises  the  idea  of  electricity  as  a  dual  force ;  and  no  theory  of 
electricity  which  does  not  recognize  this  duality  under  some  form  of  manifestation 
can  satisfy  the  conditions  which  a  study  of  electrical  phenomena  makes  known. 

Still  omitting  the  consideration  of  all  electrical  theory,  and  paying  attention  to 
facts  alone,  as  deduced  from  experiment,  it  will  be  now  desirable  to  apply  the  know- 
ledge already  acquired  to  the  construction  of  certain  forms  of  apparatus,  by  means  of 
which  oar  sphere  of  information  as  regards  electric  manifestations  may  be  enlarged. 

It  has  been  deduced  from  previous  experiments  that  electricity  frx>m  any  one  source 
is  repulaiye  to  itself  or,  at  any  rate,  imparts  repulsive  qualities  to  conducting  bodies 
into  the  substance  of  which  it  has  been  conveyed.  Consequently,  we  are  furnished 
with  a  ready  theoretical  means  of  ascertaining  whether  the  unknown  electricity  from 
a  second  source  be  similar  or  disaimilar  to  the  electricity  from  a  first  or  known 
source. 

Thus,  it  has  been  already  explained  that  the  two  pith  balls — still  divergent  from 
the  effects  of  electricity  of  glass— are  caused  to  collapse  by  the  influence  of  electricity 
from  resin.  Hence,  if  we  denominate  electricity  similar  to  that  from  glass,  vitreouty 
and  electricity  similar  to  that  from  resin,  ruimtu^ — then  it  follows  that  an  unknown 
electricity  which  causes  the  collapse  of  two  pith  balls,  already  divergent  from  the 
eflfects  of  yitreous  electricity,  must  be  the  opposite  of  vitreous ;  that  is  to  say,  must  be 
resinous  electricity,  and  vice  versa.  It  appears,  therefore,  that  whatever  may  be  the 
cause^of  the  duality  of  electric  force — a  duality  which  has  been  by  some  termed  positive 
and  negative^  by  others  vUreous  and  resinous,  but  which,  for  present  purposes,  and  to 
avoid  theoretical  considerations,  may  be  denominated  A  and  B — the  question  whether 
the  electricity  belong  to  A  or  B,  may  readily  be  determined  by  studying  its  influence  on 
pith  balls  or  their  equivalents.  This  leads  us  to  the  consideration  of  certain  impor- 
tant fonns  of  electrical  apparatus. 

TIm  Ck>ld-leaf  Electrometer. — This  important  instrument  is  in  constant  re- 
quisition by  the  electrical  experimentalist,  for  the  purpose  of  ascertaining  the  presence 
of  electricity  and  estimating  its  kind.  It  consists  of  a 
metallic  plate,  a,  communicating  by  a  metallic  stem 
with  two  sheets  of  leaf-gold,  g  and  ^',  inclosed  in  a 
glass  yessel,  for  the  double  purpose  of  protecting  the 
gold-leaf  from  rough  mechanical  injuries,  and  with- 
drawing it  from  the  interference  of  atmospheric  cur- 
rents, which  would  destroy  the  accuracy  of  the  results* 
A  consideration  of  what  has  been  stated  in  reference  to 
the  suspended  pith  balls,  wHl  render  the  nature  of  the 
gold-leaf  electrometer  evident.  If  an  electrically  ex- 
cited body— a  stick  of  glass  or  sealing-wax,  for  instance 
—be  brought  into  contact  with  the  metallic  plate  a,  it 
follows  that  the  two  gold  leaves  g  and  /  must  diverge ; 
thus  indicating  the  general  presence  of  developed 
electricity.  If  these  leaves,  already  divergent  frt)m  the  effects  of  a  known  elec- 
tricity, be  rendered  convergent  by  electricity  previously  unknown,  then  this  second 
electricity  is  demonstrated  to  be  of  the  opposite  kind  to  that  developed  from  glass ;  is 
demonstrated  to  be  electricity  B,  supposing  that  from  glass  to  be  called  electricity 
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THE  GOLD-LEAF  ELECTROMETER. 


A.  Ilcnco  this  gold-leaf  electrometer  is  cyidcntly  on  instrnment  of  great  use  in 
electrical  determinations.  This  instrument  was  invented  by  Mr.  Bennett ;  hence  the 
name  of  Bennett's  gold-leaf  electrometer  is  frequently  given  to  it.  Another  instrnment, 
founded  on  an  application  of  the  same  law,  is  the  torsion  electrometer  of  Coulomb. 
It  consists  of  a  thin  needle  of  glass  or  shellac,  suspended  horizontaUy  by  means  of  a 
natural  filament  of  silk  as  it  comes  from' the  cocoon ;  or  by  a  fine  metallic  wire.  This 
instrument  is  protected  from  external  varying  causes  by  insertion  in  a  glass  yesael,  and 
the  method  of  using  it  will  appear  from  the  following  description : — 

In  tho  gold-leaf  electrometer  both  leaves  are  free  to  move,  and  they  moye  accord- 
ingly in  obedience  to  the  electrical  force  impressed.  In  tho  torsion  electrometer  cir- 
cumstances differ :  the  horizontal  needle  of  shellaq,  carrying  at  one  extremity  a  pitch  ball, 
is  alone  free  to  move  ;  and  the  indications  of  the  instrument  are  derived  from  noticing 
the  extent  to  which  the  pith  ball  has  been  deflected  from  the 
conducting  ball,  to  which  the  excited  substance  nnder  exami- 
nation has  been  applied.  The  coimtcracting  force  to  electrical 
repulsion  in  the  gold-leaf  electrometer  is  gravity.  "WTiilst  elec- 
trically neutral,  tho  gold  leaves  remain  in  close  contact,  on 
account  of  their  own  weight ;  but  when  excited  they  separate 
more  or  less,  according  as  the  electrical  force  brought  into  play 
is  greater  or  less  than  their  own  gravitating  force.  Hence, 
retn^is  paribtis,  the  angle  of  divei^nce  of  the  gold  leaves  should 
bear  a  constant  relation  to  the  amount  of  electrical  force.  In 
the  torsion  electrometer  the  counteracting  force  to  electricity, 
and  in"  terms  of  which  the  latter  is  measured,  is  torsion.  Tlie 
filament  of  silk  or  wire  being  secured  at  its  upper  extremity, 
this  arrangement  only  permits  the  rotation  of  the  needle  of 
shellac  by  twisting.  "Were  it  absolutely  unyielding,  the  indi- 
cating needle  could  not  move ;  but  yielding  as  it  does  under 
torsion,  tho  force  of  torsion  thus  becomes  a  representative  of 
the  force  of  electricity ;  and  tho  glass  case  being  •graduated, 
the  angle  of  divorironoe  can  easily  be  road  off.  It  will  be  seen  from  this  descrip- 
tivni  that  the  torsion  oleotrometer  is  a  more  precise  instrument  than  the  gold-leaf 
oUvtrxMuoter ;  the  latter  only  enabling  the  exporimentalist  to  judge  as  to  the  size  of 
the  angle  c^  tlivorjronoo  by  rv  ugh  [ocular  estimation.  In  point  of  feet,  the  term  dec- 
tromotor,  or  flf.'trit  itt/  inttisurtr,  in  strict  language  only  applies  to  the  torsion  instrn- 
ment, tho  other  btnng,  mon^' properly  speaking,  an  elertri'»srope ;  and  here  it  maybe 
di^irablo  to  mention,  wV.at  will  bo  demonstrated  ftirthcr  on,  that  the  term  measurement 
of  ohvtrioity  roquiros  limitatit^  Wfore  it  oan  be  used  with  precision  in  the  language 
of  tliis  siMonoo.  Elootr-.ciiy  admits  of  measurement  as  to  its  tension  or  intensitr,  or  as 
to  its  quantity:  t\e  instnmunits  alrcidy  described  only  measure  tho  former  quality. 
Tho  tlistinetion  Wtwecn  oloctrioal  inti  nsity  and  quantity  is  one  which,  requires  to  be 
early  rtw^gnircvl  by  an  inquin^'in'this  Sold  of  soionoo.  Certain  fVinctions  are  distinctly 
rofonblo  to  the  first,  wV.iUt  other  functions  are  as  dinx'tly  referable  to  the  second;  it 
will  W  dosirablo,  thon^foro,  to  crvato  in  tho  mind  seme  palpable  analogy  to  which 
tho^^  two  phases  of  oloitrioal  manifestations  may  bo  referred.  Professor  Ohm  has 
Tv>!uood  tho  expressions  to  a  mathcmationl  forrr.ula,  which  will  be  given  hereafter ; 
meantimo  it  will  faoilitite  present  investigation  into  the  nature  of  electricity  if  the 
fv>llv»wing  nnigh  analv^os  K*  adopted. 
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The  tension,  or  intcntity  of  electricity  may  bo  roughly  asaimikted  to  the  prcMurc 
exercised  by  gunpowder  inflamed  as  a  gun-charge,  and  the  quantity  of  electricity  to 
gunpowder  inflamed  loosely.  Directing  the  mind  into  this  channel  of  analogy,  it  will 
be  Been  that  a  given  quantity,  for  instanoe  twenty  grains,  of  gunpowder  rammed  into 
a  pistol  wonld,  on  being  inflamed,  give  rise  to  certain  marked  indications ;  there 
would  be  great  pronure  eiBrted  on  the  internal  sides  of  the  pistol  barrel ;  a  bullet, 
supposing  one  to  be  superimposed  on  the  gunpowder,  would  be  propelled,  and  the  act 
of  inflammation  would  be  accompanied  by  a  loud  sound.  Here,  then,  is  one  series  of 
efli9otB  prodooed  by  gunpowder  under  one  set  of  ciroumstanoes ;  and  the  energy  of 
these  eflSeots  may  be  estimated  in  two  ways.  It  may  be  estimated  by  noticing  the 
distanoe  to  which  a  bullet  is  propelled  by  a  given  charge  of  powder ;  by  noticing  the 
amoimt  of  leooi!,  as  measured  by  a  graduated  circular  arc, — and  in  this  way  is  the 
strength  of  a  g^-6harge  estimated  in  practice.  If  we  now  suppose  an  equal  weight 
of  gnnpowdsr  (twenty  grains)  to  be  loosely  spread  over  a  table,  and  inflamed,  we  have 
no  longer  an  indication  of  its  force  by  the  tests  already  employed.  The  inflammation 
ii  acoompanied  by  no  report,  no  palpable  recoil ;  and  if  we  suppose  the  layer  of  gun- 
powder to  be  indefinitely  spread  out,  and  the  observer's  eye  to  be  limited  to  a  field  of 
vision  indefinitely  small,  then  it  is  possible  to  assume  that  the  gunpowder  might 
inflame  mmoticed,  although,  by  having  recourse  to  another  species  of  investigation, 
the  aotnal  quantity  of  gunpowder  might  readily  be  determined.  This  general  analogy 
win,  perhaps,  aid  the  student  in  acquiring  a  true  idea  of  the  diflerenoo  between  elec- 
trical quantity  and  electrical  intensity.  The  gold  leaf  and  the  torsion  instrument  arc 
both  r^rtriotcd  to  afEbrding  indications  of  tension  or  intensity. 

Om  JSkeirteUy  b0  dweioptd  otherwise  thsn  hy  friction? — By  means  of  the  two 
ZQStnmients  already  described,   this  point  will  be 
rsedily  determined,  and  certain  truths  of  electrical 
^dlosoi^y  '^^  ^®  found  to  aggregate  themselves 
iato  broad  generalizations. 

Experiment  4.  Upon  the  plate  of  a  gold-leaf 
electrometer  lay  a  metallic  capsule  containing  water, 
and  into  the  latter  drop  a  piece  of  ignited  charcoal. 
The  gold  leaves  will  immediately  diverge,  proving 
the  development  of  electricity.  In  this  case  there 
appears  no  doubt,  on  the  first  aspect  of  the  case,  that 
the  electrical  excitement  brought  about  is  due  to  the 
eviporation  of  water.  By  some,  however,  this 
hypothesis  is  rejected,  and  the  result  is  attributed  to 
chemical  action  ensuing  between  the  vessel  and  the 
water,  or  matt««  contained  in  the  water.  Such  an 
opinion  is  advocated  by  Pouillet,*^  who  states,  that  if 
a  vessel'of  platinum  be  employed  (a  metal  on  which 
▼ater  exerts  no  dhemical  agency),  and  certain  precautions  against  error  be  taken,  then 
ao  electrical  disturbance  occurs.  The  objection  thus  raised  is  most  important,  as 
between  the  questions  whether  evaporation,  per  5^  be  a  source  of  electricity,  or  the 
contrary ;  but  it  has  no  bearing  upon  the  question  at  this  time  proposed  for^dctcr- 
mination.    "Whatever  may  be  the  source  of  electricity  in  this  case,  fdction^aasurcdly 
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is  not;  and  this  alone  is  sought  to  be  determined  by  the  experiment  under  con- 
sideration. 

Perhaps  no  eiperiment  so  unequivocal  as  that  just  described  could  be  performed 
with  the  same  object  in  yiew.  The  general  demonstration  of  the  proposition  that 
friction  is  not  the  only  cause  of  electrical  excitement,  is  sufficiently  easy ;  but  when 
inyestigation  is  made  as  to  the  exact  nature  of  the  non-frictional  excitements,  then 
difficulties  present  themselves  which  no  ingenuity  has  yet  been  able  to  master,  and 
which  prevent  our  arriving  at  certain  determinations  relative  to  important  primary 
laws.  Thus,  for  instance,  it  will  be  seen  hereafter,  that  philosophers  were  long  unde- 
termined as  to  the  primary  cause  of  electrical  development  from  voltaic  arrangementB ; 
indeed,  it  would  be,  perhaps,  scarcely  correct  to  say  that  the  question  ia  resolved  defi- 
nitively, even  at  the  present  time.  The  question  at  issue  was,  whether  certain 
dissimilar  metals — especially  zinc  and  copper — do  or  do  not  suffer  mutual  electric 
disturbance  when  brought  into  contact.  Apparently,  nothing  is  more  easy  than  the 
solution  of  this  question.  The  gold-leaf  electrometer  would  seem  to  furnish  us  with 
the  means ;  but  the  difficulty  which  cannot  be  overcome  is  this :  the  impossibility  of 
bringing  into  contact,  and  separating  two  metals,  without  exercising  a  certain  amount 
of  friction.  These  remarks  are  offered  for  the  purpose  of  showing  the  extreme  delicacy 
necessary  in  conducting  electrical  experiments,  the  difficulties  with  which  these>xperir 
monts  are  beset,  and  the  care  with  which  incorrect  deductions  should  be  guarded  agdnst 

Can  one  kind  of  Electricity  be  developed  without  the  other  f — Hitherto,  for  the  sake  of 
simplicity,  it  has  been  assumed  that  only  one  body  in  each  experiment  has  been 
subjected  to  the  preliminary  treatment  to  which  electrical  excitation  is  referable.  A 
slight  amount  of  reflection,  however,  will  show  this  assumption  to  be  incorrect.  In 
all  the  experiments  detailed  there  has  been  a  duality  of  preliminary  agency.  Thus,  if 
a  glass  tube  be  submitted  to  friction,  then,  strictly  speaking,  two  substances  are 
rubbed,  not  one;  moreover,  the  distinction  between  the  rubber  and  the  substance 
rubbed  is  merely  conventional.  In  strict  philosophical  language  both  are  equally 
rubbed ;  consequently,  if  it  be  desired  to  recognise  the  total  consequences  of  such 
friction,  not  only  must  the  glass  tube  be  submitted  to  examination,  but  the  flannel  or 
silk  wherewith  friction  was  exercised. 

Supposing  it  be  desired  to  ascertain  the  presence  of  electricity  on  the  rubber,  to  use 
a  conventional  term,  as  well  as  on  the  material  rubbed,  some  precautions,  easily 
doduciblo  from  previous  considerations,  will  be  necessary.  The  question,  however, 
may  be  resolved  as  follows :— Let  a  cylindrical  portion  of  flannel,  /,  be  adapted  to  the 
^  glass  tube  t,  as  represented  in 

mp  -^^z  jn f\  the  woodcut ;  and,  in  order  to 

JJ  restrict  the  area  of  friction 
within  deflnito  limits,  let  the 
glass  be  rotated  instead  of  moved  forwards  and  backwards.  If  the  glass  tnbe 
ikvLB  rubbed  be  caused  to  approach  a  gold-leaf  electrometer,  the  leaves  wiU  diverge, 
as  wo  have  seen.  If  now,  instead  of  one  electrometer,  we  employ  two — one  for 
testing  the  glass,  the  second  for  testing  the  flannel — ^then  divergence  of  the  gold 
leaves  of  the  second  instrument  will  also  result,  proving  that  both  glass  and 
flannel  have  been  electrically  excited.  It  remains,  therefore,  to  determine  whether 
they  have  been  excited  by  similar  or  different  kinds  of  electricity.  Now  it  hfi 
been  already  demonstrated  that  the  two  kinds  of  electricity  are  mutually  attnc- 
iivo  and  mutually  neutralizing ;  consequently,  if  two  bodies  be  electrically  excited, 
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one  giying  xise  to  a  xepnlnon  between  two  light  lubstancei — ^whidh  repulmon  the 
other  neatralises-4he  second  body  is  differently  electrified  to  the  first  Supposing, 
therefOTe,  the  two  electroscopes  to  be  still  divergent,  and  the  friotional  operation 
repeated, — if  the  flannel  be  now  caused  to  touch  the  instrument  formerly  touched  by 
the  glass,  and  friee  f»rta,  the  gold  leaf  of  both  instruments  will  immediately  collapse. 

These  experiments  show  that,  in  the*  case  under  examination,  one  kind  of  electri- 
city cannot  be  developed  without  the  other;  and  the  same  maybe  easily  proved,  for 
every  case  of  frictional  excitement  may  be  extended  experimentally  over  a  vast  field  of 
inquiry,  and  oaxried  farther  by  analogical  reasoning,  so  as  to  satisfy  all  cases  of 
electrical  relation  whatever.  The  proposition  of  douUe  development  is  easily  proved 
for  the  case  of  evaporation,  already  cited,  in  the  following  manner : — 

Let  the  vapour  arising  from  the  evaporating  water  be  made  to  impinge  against  a 
metallio  disc,  d^  situated  above  it,  and  communicating  by  a  bent  metallic  stem,  ending  in 
a  metallic  foot,  with  the  plate  of  a  second 
gold-leaf  electrometer.  Matters  being  thus 
a^nsted,  the  gold  leaf  of  both  electrome- 
tenwin  be  found  to  diverge;  and  now,- 
on  establishing  a  metallic  connection  be- 
tween the  two  plates  of  the  electrometers, 
both  paizB  of  gdd  leaf  will  immediately 
ooQapae,  ahowing  that  the  dectricities  are 
of  difEierent  kinds*  The  experiment  proves 
Bcnnething  more,  which  will  be  specially 
demonstrated  in  the  next  paragraph.  Per- 
haps it  is  unnecessary  to  point  out,  that  in 
estsblishing  metallic  connection  between 
the  two  electrometer  plates,  it  is  necessary 
that  the  metallic  conductor  should  be 
"insulated,"  as  the  condition  is  termed  by  electricians ;  that  is  to  say,  it  should  bo 
held  not  immediately  by  the  hand,  which  is  an  electrical  conductor,  but  by  the 
intermediation  of  a  non-conducting  material,  such  as  glass,  shellac,  sealing-wax,  &c. 

Are  the  MectrieUies  developed  proportional^  or  is  one  kind  ever  in  excess  t — ^This 
question  has  already  been  resolved,  for  one  specific  case,  by  the  last  experiment ;  the 
l(^wing  method,  however,  will  render  the  demonstration  still  more  clear.  Taking 
the  glass  tube  with  its  cylindrical  flannel  rubber,  as  already  described,  let  friction  be 
exercised  as  before ;  then  let  both  flannel  and  rubber  be  brought  in  contact  with  the 
plate  of  a  gold-leaf  electrometer.  Not  the  slightest  divergence  will  take  place,  if  care 
have  been  taken  not  to  extend  the  frictional  area  beyond  the  edges  of  the  flannel 
cylinder.  This  experiment  proves,  for  the  case  under  consideration,  that  the  two  kinds 
of  electricity  are  developed  in  exact  proportion ;  and  the  same  may  be  demonstrated  for 
all'^kinds  of  electrical  excitation  whatever.  A  deeper  consideration  of  the  truth 
embodied  in  the  proposition  that  the  two  kinds  of  electrical  force  are  mutually  pro- 
portional, leads  to  {he  most  subtle  branch  of  electrical  philosophy — ^the  so-called  state  of 
electrical  induction ;  the  nature  of  which  will,*it  is  trusted,  be  rendered  evident  by  the 
course  of  investigation  about  to  be  adopted.  It  has  been  said  that  one  kind  of  electri- 
city cannot  be  alone  developed,  neither  can  it  exist  alone  when  developed— 9k  remembrance 
of  which  proposition  will  remove  the  difficulties  attendant  upon  a  just  comprehension 
of  what  is  called  the  induced  electricify. 
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But  if  electricitj  cfmnot  exist  alone,  what  explanation  ia  to  be  given  of  the  tcAr 
lowing  experiment  ?  A  metallie  ball,  insulated  by  means  of  a  eilk  oord,  is  touefasd 
several  times  in  suoceasion  by  a  piece  of  glass,  electrically  excited.  Under  these  eir- 
cumstanoes  the  metallic  ball  becomes  charged  with  the  electricity  of  glass,  as  may  be 
demonstrated  by  bringing  into  contaxit  with  it  a  little  disc  of  gilt  papei^-fllso  insulatect- 
removing  the  plane  by  means  of  its  insulating  stand,  and  bringing  it  into  contact  with 
the  plate  of  an  electrometer;  The  gold  leaves  instantly  diverge,  proving  the  aficunm- 
lation  of  electricity  in  the  metallic  balL 

How  can  it  be  said,  then,  that  one  kind  of  eleetricity  is  incapable  of  a  sepante 
existence  ?  Is  not  the  metallic  ball  electrified  ?  On  this  point  it  is  desirable  to  have 
the  most  precise  notions,  otherwise  the  so-called  function  of  electrical  indnetioa  will 
lead  hereafter  to  interminable  difficulties. 

The  fallacy  in  wluch  the  inquirer  is  likely  to  be  involved  when  eontemplatiag  the 
bearings  of  this  experiment,  results  &om  considering  the  metallic  ball  as  isolated  in 
every  sense  from  surrounding  bodies.  Such  isolation,  however,  is  impossible,  not  only 
when  practically  considered,  but  theoretically  also.  £ven  were  it  self<-supported,  witJi- 
out  any  aid  of  tiie  cord,  it  would  not  be  isolated.  £veai  if  the  air  were  removed,  it  would 
not  be  isolated.  Even  if  our  globe,  atmosphere,  and  all  were  annihilated,  and  thebraai 
ball  left  a  minute  asteroid  in  its  place,  the  ball  would  still  not  be  isolated,  for  it  wmdd 
still  maintain  relations  with  other  masses  in  space.  In  contemplating^  tiberefime,  Ae 
condition  of  the  suspended  brass  ball,  it  must  be  regarded  in  relation  to  sazrofiindtBg 
matter.  The  necessity  for  a  dual  investigation  is  equally  great  in  this  case,  as  wrim 
it  was  proposed  to  examine  the  electrical  disturbance  resulting  from  the  friction  ef 
glass  and  flannel.  Before  the  proposition  can  be  accepted,  l^at  one  kind  of  eieetrioty 
exists  in  the  metallic  ball  alone,  it  will  be  necessary  to  examine  the  co&dttioii  of  the 
atmosphere  aroimd  the  objects  in  the  vicinity,  not  forgetting  to  enumerate  amongst  the 
latter,  the  operator  himself.  If  this  investigation  be  carried  out,  the  general  propositioiL 
will  be  found  to  hold  good,  that  the  suspended  metallie  ball  has  disturbed  the  eledrie 
equilibrium  of  surrounding  bodies  to  a  state  proportionate  with  its  own  degree  of  exci- 
tation ;  and  the  electrical  charge  which  the  metallic  ball  can  retain  will  ceteris  paribm 
be  proportionate  to  the  nature  and  the  number  of  material  particles  in  its  vicinity. 
To  render  this  proposition  more  evident,  two  metallic  balls  may  now  be  suspended,  or, 

better  still,  for  reasons  which  will 
fX         ri  fk      appear    hereafter,    two    metallie 

■^       ^.--Lz:-^:^ :-:iJr:N     cyliudcrB,  with  spheroidal  ends,  u 

represented  in  the  accompanying 
diagram.  The  cylinders  may  be 
suspended^  each  by  two  siUcfli 
threads,  or,  what  is  still  more  C9i^ 
venient  in  practice,  they  may  be 
supported  each  on  a  glass  stand; 
and  for  the  purpose  of  indiesthig 
the  presence  of  electricity,  eick 
cylinder  may  be  supplied  with  lire 
pairs  of  pith  balls,  one  fosc  either 
end,  and  attached  as 


in  the  diagram.     The  strings  by  which  the  pith  balls  are  suspended  in  this  case  sauit 
be  of  thread,  or  other  conducting  material,  because  it  is  desired  that  electricity  should 
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pas9  along  them,  ProTided  the  two  cylindors  arc  separated  froiu  each  other  to  a 
proper  extent,  which  practice  alone  can  detormino,  the  following  result  will  occur  :— 
On  directly  electrifying  one  of  tho  cylinders  by  contact,  the  other  will  become  elec- 
trified also,  as  indicatad  by  tho  divorgonoc  of  the  attached  pith  balU. 

At  first  it  might  be  inferred  that  direct  transference  of  electricity  from  one  cylinder 
to  the  other  had  taken  place ;  but  this  idea  is  readily  disproyed  by  removing  the  second 
cylinder,  when  tho  pith  balls  attached  to 

it  will  at  once  collapse.  To  what  then  was  b  ^  B 

the  electrical  excitation  attributable  which         g  g 

it  manifested  whikt  standing  near  the  ad- 
jacent cylinder  ?  Tho  excitation  is  attri- 
butable to  the  exercise  of  a  function  already 
conyeyed  in  the  proposition  just  laid  doi^-n. 
The  first  cylinder  is  only  able  to  main- 
tain its  electricity,  A,  by  developing  a'pro- 
portionato  amount  of  electricity,  B,  in 
adjacent  bodies.  So  loi^  as  the  cylinder 
was  alone,  tho  second,  or  B,  function 
of  electric  duality  was  scattered,  to  iiso 
the  expireasion,  indefinitely  around  (it  is 
repiesested  by  the  diagram  afBecting  the 
air  and  the  table) ;  but  immediately  a  second  cylinder  was  placed  near,  the  A  and 
I)  powers  of  electricity  became  distributed,  as  reproscntcd  in  the  accompanying 

diagram. 

That  such  an  arrangement 
of  electrical  force  really  takes 
place  may  be  demonstrated  by 
a  very  simple  experiment.  If 
the  proposition  just  laid  down 
be  true,  there  phould  exist  a 
mesial  line,  m  m\  in  each 
cylinder,  devoid  of  all  electri- 
cal power.  That  such  really 
is  the  case  may  be  demon- 
strated by  fixing  a  pair  of  pith 
balls  at  this  line,  under  which  circumstonoe  no  repiilsion  of  the  balls  should  take  place, 
if  the  exact  mesial  line  be  selected.  In  practice,  this  exact  selection  is  scarcely  possible ; 
nevertheless,  a  sufficiently  near  approximation  may  be  arrived  at  to  demonstrate  the 
general  soundness  of  the  law.  Moreover,  it  may  be  further  demonstrated  that  in  the 
two  cylinders  placed  as  described,  tho  A  function  and  the  B  function  of  electricity  arc 
distributed,  as  represented  in  the  diagram,  by  means  of  an  insulated  carrier  plane  of  gilt 
paper  and  a, delicate  electromotor.  The  terms  carrier  plane  and  carrier  ball  will  be 
fraquently  employed.  A  carrier  plane  consists  of  a  gilt-paper  circular  disc,  about  two 
inches  in  diameter,  insulated  by  a  band  of  shellac  ;  a  caiTier  ball  is  a  baU  of  bras?  or 
other  metal,  suspended  by  a  silken  string.     (See  two  diagrams  on  next  page). 

It  is  evident  that  any  conventional  sign  may  be  employed  in  the  designation  of 
the  two  clectiical  functions.  I  have  taken  the  letters  A  and  B.  Instead  of  these 
letters,  the  plus  and  minus,  algebraic  signs  (-t-)  and  (— ),  are  generally  employed,  and  I 
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have  merely  avoided  them  because  of  their  association  with  a  particular  electrical 
theory—namely,  that  of  Franklin,  according  to  which  it  is  assumed  that  the  two 
electric  functions  stand  to  each  other  in 
a  relation  parallel  to  heat  with  cold ; 
that  is  to  say,  that  one  is  a  mere  condi- 
tion of  absence  of  the  other. 

Electzlcal  Inductions. — ^Tinder 
this  denomination  was  formerly  ex- 
pressed the  state  of  electrical  excitement 
developed  in  one  body  by  proximity 
with  another,  as  we  have  seen  in  the 
previous  experiment;  and  the  term, 
electricity  by  induction,  or  induced  elec 
tricity,  was  employed  so  as  to  imply  the 
supposition  which  was  indeed  intended 
to  be  conveyed,  that  the  function  of 
induction  might  or  might  not  be  co- 
existent  with  a  primary  electrical  excite-  #^ 

ment.  It  has  been  ihe  object  of  pre- 
ceding remarks  to  show  that  it  necessarily  must  be  co-existent  wiUi  electrical  excitement, 
of  which,  indeed,  it  forms  a  part.  For  this  important  generalization  we  are  indebted 
to  the  investigations  of  Faraday,  who  has  laboured  so  long  and  so  successfully  in  this 
interesting  field  of  inquiry.  It  appears,  therefore,  that  the  term  electrical  induction, 
in  a  partitive  sense,  is  no  longer  intelligible;  nevertheless  it  has  been  so  long  accepted, 
and  has  become  so  intimately  associated  with  the  explanation  of  many  important  elec- 
trical phenomena,  that,  limited  according  to  previous  explanations,  it  will  hereafter  be 
employed  in  this  volume. 

TFhat  is  the  condition  of  the  atmosphere,  or  other  non-conducting  medium^  through 
which  the  inductive  influence  takes  place  t — It  has  been  demonstrated  in  the  preceding 
pages,  that  an  influence,  or  force,  has  in  some  way  been  exerted  through  the 
layer  of  atmospheric  air  situated  between  the  two  cylinders  which  formed  the  subject 
of  experiment.  A  question,  therefore,  at  once  presents  itself  of  the  following  kind. 
How  is  the  atmosphere  itself  affected  by  the  influence  transmitted  through  it  ?  Is  the 
atmosphere  passive  or  active  ?  Anterior  to  the  investigations  of  Faraday,  it  was 
usual  to  answer  the  second  question  in  the  negative ;  the  influence,  whatever  it  may 
be,  was  assumed  to  radiate  or  pass  in  straight  lines  through  the  atmosphere,  which 
itself  remained  passive,  being  nowise  affected.  Farada/has  demonstrated  the  incor- 
rectness of  this  theory ;  he  has  shown  that  the  atmospheric  molecules  assume  a  polar 
state,  and  to  this  polar  influence  is  attributable  the  electric  manifestationB  recog- 
nizable on  the  second  cylinder,  or  any  other  conducting  body  similarly  circumstanced. 
The  term  polarity  is  one  so  firequcntly  employed  in  the  description  of  molecular  £>rce8, 
that  it  is  necessary  at  this  point  to  describe  its  meaning.  By  the  term  polarity  is 
understood  a  certain  symmetry  of  relation  subsisting  between  the  components  of  a 
material  aggregate.  Thus,  for  instance,  supposing  the  aggregate  to  consist  of  a  heap 
of  needles  confusedly  arranged,  then  the  components  of  this  aggregate  (t^  e,  the  needles) 
would  be  said  to  manifest  no  polarity.  If,  however,  the  needles  were  to  form  any 
symmetrical  groups,  such  as  stars,  triangles,  &c.,  then  the  aggregate  of  needles  would 
be  said  to  have  become  endowed  with  polarity ;  the  formation  of  such  aggregates 
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▼ould  be  expressed  as  the  assumption  of  polarity,  and  the  destruction  of  the  sym- 
metrical groups  as  the  resolution  of  polarity.  The  idea  thus  grossly  expressed  evidently 
admits  of  extension  to  the  smallest  molecules, 
or  even  to  the  Ibroes  actuating  these  molecules, 
and  the  assumed  polar  state  of  molecules  and 
foroea  maybe^rendexed  comprehensible  generally 
by  gross  physical  analogies.  Beverting  to  the 
foregoing  experiment,  it  will  be  seen  that  the 
cylinders  operated  upon  are  affected  by  polarity, 

the  ends  A  being  in  symmetrical  relation  to  the 

Ca  tf)  (?^  ^    ends  B;  and  their  length  might  be  indefinitely 

extended  with  a  similar  result. 
Mr.  Faraday  belioyes  that  atmospheric  air,  or  other  non-conducting  material, 
interposed  between  the  two  cylinders,  or  any  bodies  similarly  circumstanced,  is  not 
passiye,  but  active  —  that  the  influence,  by  means  of  which  the  first  cylinder  is 
enabled  to  affect  the  second,  is  not  darted  through  the  intervening  space  by  a  sort  of 
radiation,  but  that  the  atmospheric  molecules  assume  some  sort  of  symmetrical 
relation,  either  of  fbrm  or  of  force,  which  symmetry  of  relation  extending  in  all 
directions,  not  merely  in  straight  lines,  firom  the  primarily  electrified  body,  affects 
directly,  but  in  a  manner  unknown,  the  second. 

To  inquire  more  narrowly  into  the  nature  of  this  transmitted  power  is  equivalent 
to  the  inquiry,  What  it  the  nature  of  eleetrieityf  Hereafter  a  short  exposition  of  the 
various  opinions  relative  to  this  question  will  be  given ;  but  to  enter  into  the  specu- 
lation at  this  time  would  carry  us  too  far  from  the  sphere  of  present  discussion. 

TlM  Xlsetxophiniis. — ^Accepting  the  term  electric  induction  with  the  limitation 
already  stated,  I  shall  now  describe  an  instrument  which  not  only  illustrates  that  function, 
but  which  is  an  instrument  of  great  practical  utility.  The  electrophorus,  as  it  is  called, 
was  the  invention  of  Yolta,  and  is  thus  prepared : — Procure  afiatdish  of  metal,  B  (tin  plate, 
copper,  or  brass)  about  one  inch  deep  and  twelve  or  fifteen  in  diameter ;  fill  this  dish 
with  a  resinous  mixture  of  equal  parts  of  shellac,  resin,  and  Venice  turpentine,  and 
allow  the  whole  to  grow  cold.  One  half  of  the  instrument— to  which  the  term  '*  sole" 
has  been  given-— is  now  prepared,  and  it  only  remains  to  form  the  cover.  This  consists 
o(  a  thin,  flat,  metallic  plate,  D,  something  less 
in  diameter  than  that  of  the  sole,  and  furnished 
with  a  round  band,  or  metallic  rim,  as  shown 
in  the  diagram,  A  A.  To  this  cover  a  glass 
handle,  d,  is  attached  by  means  of  a  socket,  into 
which  is  run  a  little  cement. 

When  it  is  desired  to  bring  the  electro- 
phorus into  action,  the  sole,  or  resinous  flice, 
is  briskly  rubbed,  or  rather  dtuhed^Hie  opera- 
tion being  something  between  a  blow  and 
a  rub — with  a  piece  of  dry  flannel  or  fur-skin.  This  operation  having  been  repeated 
five  or  six  times  in  succession,  the  excitation  is  complete.  The  whole  upper  surface  of 
the  sole  is  now  affBcted  with  resinous  electricity ;  and  if  the  cover  fitted  it  accurately 
at  every  point,  the  resinous  electricity  thus  developed  would  be  communicated  to  the 
cover  by  simple  contact.  This  condition,  however,  never  obtains.  The  cover  does  not 
actually  touch  the  resinous  portion  at  more  than  a  few  points,  from  which  resinous 
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eloctru'ity  i«  directly  transferred.  Tlie  greater  portion  of  the  surfeuie  of  the  coTer, 
however,  is  geparted  from  the  resinous  face  of  the  sole  hy  a  thin  layer  of  ^t^JOepheric 
air ;  consequently  it  is  placed  under  the  conditions  most  feiyourahle  to  th^  fissumptioii 
of  electricity  by  induction.  The  method,  then,  of  epiploying  flio  electrophorus 
is  as  follows  : — The  cover  being  laid  upon  the  resinous  face,  which  is  yesinously  electri- 
fied, the  lower  aspect  of  the  cover  at  once  becomes  yitreously  electpfipd*  aad  itg  upper 
aspect  resinously ;  if,  however,  the  cover  be  touched  with  the  finger,  qt  ^y  other 
conductor  in  communication  with  the  earth,  then  the  binary  system  (namely,  the  sole 
and  the  cover)  becomes  neutral.  This  neutrality,  however,  exists  asAj  so  loij^  as  the 
two  binary  portions  of  the  instrument  are  in  close  relation.  If  the  cover  be  removed 
beyond  the  influence  of  the  sole,  then  the  balance  of  electrical  neatrality  is  destroyed, 
and  the  cover  becomes  charged  with  an  excess  of  vitreous  electricity,  which  it  will 
evolve  in  the  form  of  a  spark,  on  causing  it  to  be  approached  with  a  metallic  Jpiob,  the 
finger-knuckle,  or  any  other  non-pointed  conductor. 

The  Condensez.— The  law  of  electric  induction  is  beautifully  illustrated  by  the 
condenser,  an  instrument  designed  to  manifest  very  slight  amounts  of  electrical 
influence,  such  as  would  not  be  rendered  evident  by  t^  unaided  electrometer. 

The  condenser  is  represented  by  Fig.  1.    It  consists  of  two  circuUir  metjajlic  di^ 

one,  B,  insulated  on  a  glass 
stand,  and  a  fixture ;  the  other 
attached  to  a  metaUic  ^m, 
which  inferiorly  terminals 
in  a  pivot,  so  that  the  plate  of 
the  instrument  marked  A, 
although  represented  vertical 
in  the  sketch,  jfxxy  be  turned 
back  at  an  angle,  and  laid 
horizontally  if  desired.  Occa- 
sionally, instead  of  attaching 
this  plate  by  meaiis  of  a 
hinge,  it  is  fixed  to  a  slide, 
which  enables  it  to  be  removed  j&om  the  plate  B,  sjbiU  retaining  its  vertical  plane. 

i:  In  order  to  understand  the  theory  of  the  condenser,  the  most  convenient  plan  is  to 
impress  the  mind  with  the  result  that  would  take  place  on  one  insulated  disc  whea 
touched  with  an  electrically  excited  body.  Fiom  what  has  been  already  stated,  ft  will 
be  evident  that  the  total  amount  or  charge  of  electricity  capable  of  being  received  by 
sunh  a  disc,  will  depend  on  the  amount  of  opposite  polar  influence  capable  of  jcxistiBg 
in  bodies  around  or  near  it ;  and  if  a  conductor  should  happen  to  be  in  its  vicinity,  thii 
disc  should  receive  a  stronger  charge  than  if  such  conductor  wore  aw^y.  The  second 
plate  of  the  condenser,  therefore,  supplies  this  dofinite  theoretical  indication,  and 
enables  the  first  plate  to  acquire  more  electricity  than  it  otherwise  would.  Still,  while 
the  plates  are  ox>posed  to  each  other,  no  electrical  influence  is  manifcatcd;  the  jtvro 
systems  being  mutually  balanced.  But  immediately  one  plate  is  xemoyod,  then  t)i« 
remaining  plate  contains  an  overcharge  of  electricity,  which  it  can  impart  tp  any  other 
conductor  by  simple  contact.  The  diagram  reproseats  the  condenser,  united  by  a  con- 
ducing wire  with  a  gi>ld-leaf  electrometer  in  the  act  of  divergence.  Strictly  speaking; 
how4>ver,  the  divorgcnoc  would  ooly  hava  occurred  when  the  plate  A  of  the  condeDsei 
had  boon  withdrawn. 


Fig.l. 


Figr.2. 
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The  method  of  using  the  condenser  will  bo  eyident  from  a  consideration  of  the  prin- 
ciples on  which  it  is  based.  The  two  plates  being  placed  in  opposition  (not  in  contact), 
plate  B  is  touched  with  the  substance  whose  electricity  is  to  bo  examined,  and  A  is 
simultaneouslj  touched  with  the  finger  or  a  conductor,  if  it  do  not  happen  to 
be  mounted  on  a  conducting  stom.  ThiB  proceit  being  several  times  repeated,  the 
binary  system  becomai  fully  charged, 'and  aoouzately  balanced— the  electricity  of 
one  disc  against  that  of  the  other.  Immediately,  howoTcr,  disc  A  is  removed, 
then  the  original  balance  between  the  two  syttems  Ib  destroyed,  B  has  a  surcliiirge 
of  electricity,  which  il  tranmiti  to  the  electrometer  loaves,  and  thus  causes  them  to 
diverge. 

The  Electxioal  BKaohine. — Hitherto  in  our  development  of  the  lawi  of  elec- 
trical phenomena,  the  very  simplest  means  of  electrical  excitation  were  adopted.  It 
would  be  possible,  without  having  recourse  to  more  complex  apparatus,  to  push  our 
investigations  still  further ;  nevertheless  they  will  be  greatly  facilitated  by  no  longer 
trusting  to  the  minute  quantities  of  electricity  already  developed,  and  employing  the 
electrical  machine,  a  description  of  which  I  will  now  proceed  to  give.  The  term  elec- 
trical machine,  it  should  be  premised,  is  limited  to  include  those  instruments  merely 
which  yield 'electricity  by  frictional  excitation.  In  the  strict  language  of  philosophy. 
Voltaic  batteriee  an»  eleetrical  machines,  as  are  also  those  combinations  now  so  preva- 
lent by  means  of  wkkh  «lectricity  ia  developed  from  magnets.  None  of  these  instru- 
ments, however,  are  rutmOj  termed  electrical  machines.  The  electrical  machine,  in 
its  most  generally  received  acceptation,  consists  in  some  mechanical  arrangement  for 
extending  and  enlarging  the  frictional  efforts  already  described,  and  conducting  and 
retuning  the  reenlting  power.  It  admits  of  various  modifioatioBt  as  to  form,  but  the 
pUkfiophieal  principles  on  which  it  is  founded  never  vaiy.  An  electrical  machine 
consists  of  three  main  portions,  namely,  the  rubber,  or  friction  giver ;  the  electric  sur- 
fSMe,  or  fiidion  receiver;  and  the  prime  conducts.  The  very  oldest  electrical 
madunes  had  their  electric  surface  constituted  by  a  glass  globe,  and  the  rubbing 
apparatus  was  flannel,  or  other  material  h^d  in  the  hand.  Subsequently  glass  globes 
were  found  to  be  inoonvctlient  in  practice,  and  cylinders  were  mounted  in  their  stead, 
the  friction-giving  portion  of  the  machine  being  no  longer  held  in  the  hand,  but  made  a 
fixture.  Occasionally  the  prime  conductor  was  also  fixed  in  the  early  electric  machines, 
but  more  frequtotly  detached.  At  present  the  electric  surface  is  more  usually  mode  in 
the  form  of  a  plate  than  cylindrical,  many  practical  diffioulties  occurring  to  prevent  the 
formation  of  cylinders  of  large  size.  Whether  a  flat  plate  or  a  cylinder,  however,  the 
general  principles  on  which  the  construction  of  an  electrical  machine  is  based  oro  not 
afteted,  as  will  be  easily  recognised.  In  all  electrical  machines,  the  prime  oonduotor, 
or  instrument  which  conveys  away  the  electricity  from  the  electric  surface,  is  insulated 
by  glass-— the  reason  of  which  provision  will  bo  obvious  from  a  consideration  of  what 
has  gone  before. 

In  cylindrical  machines  the  rubber  is  also  insulated,  conduction  being  cstahlishod, 
when  necessary,  between  it  and  the  ground,  by  interposing  a  metallic  chain.  The  con. 
trirance  of  insulating  the  rubber  afiSnds  certain  facilities  in  the  production  of  rosinous; 
or  negfaiive  electricity,  as  we  may  now  'call  it,  under  the  limitation  already  given ; 
bat  it  is  a  provision  rather  dif&cult  of  execution  in  plato  machines,  and  is,  therefore,  in 
the  latter  frequently  omitted.  Occasionally,  when  the  rubber  is  insulated,  it  is  attached 
to  a  prime  conductor  of  its  own.  The  fallowing  woodcuts  represent  a  cylindrical  and 
a  plate  machine  respectively. 
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Aotion  of  th»  Eltoteioal  M>ohlw;— -It  has  already  been  demonstrated,"  that 
whon  a  rod  of  glass  is  rubbed  by  means  of  a  piece  of  flannel,  the  glass  itself  becomes 
olootriflod  in  one  state,  and  the  flannel  in  the  other.  These  facts  being  appreciated,  the 
action  of  the  oleotric  machine  will  be  eyident.  Regarding  the  various  portions  of  the 
machine  as  one  oleotric  system,  each  part  cut  off  by  means  of  insulating  legs  team  all 
olootric  communication  with  the  ground,  then  the  total  accumulation  of  electricity  in 
tho  prime  or  positiro  conductor,  or  that  to  which  the  rubber  is  not  attached,  will  be 
limited  to  tho  total  amount  of  positive  electricity  originally  existing  in  the  system,  and 
will  be  exactly  balanced  by  the  amount  of  negative  electricity  originally  existing  in 
the  system,  and  which  is  now  determined  towards  the  rubber.  Under  these  circum- 
stanooa  the  tension  or  tendency  of  the  electricity  accumulated  at  the  prime  conductor 
will  be  very  slight  If,  however,  metallic  communication  be  established  between  the 
rubber  and  the  ground,  then  the  tendency  of  the  prime  conductor  to  evolve  electricity 
wHl  bo  in  the  direct  ratio  of  its  own  sur&oe  to  that  of  the  whole  suifkce  of  the  eaitii. 
This  ratio,  it  will  be  seen,  is  practically  infinite ;  therefore  electricity  will  be  now 
evolTod  from  tho  prime  conductor  so  continuously,  that  it  is  somewhat  difficult  to  pre- 
vent tho  mind  associating  itself  with  tho  idea  of  a  real  electric  current:  although,  in 
point  of  h»ty  this  seoming  eunmit  is  probably  nothing  more  than  a  aeries  of  rapidly- 
oeoumng  polarities,  assumed  and  immediately  resolved. 

lBMMMK«aiMat  of  tk«  Xlootiloai  Maobt«o>—The  two  chief  points  to  be  attended 
to  in  the  managom^t  of  apparatus  connected  with  the  development  and  preservation  of 
ftklaoaal  dootricity  are  al^oluto  cleanliness  and  absolute  dxyness.  Any  flagrant  vida- 
tkn  of  «th»r  of  theoo  eonditioiks  wiU  be  found  incompatible  with  the  suooessful 
perfonMBeo  of  ^leolrioal  expniments.  The  necessity  for  perfect  dzyness  naturally 
9tt|[9««la  the  aTOidane«  of  water  in  the  cleansing  q^eiatton;  hence  akohol  or  oil  ii 
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sttbstitated  in  its  place.  The  firictional  surface  of  the  machine,  whether  a  plate  or 
cylinder,  ahould  be  carefully  examined  for  all  specks,  stains,  and  other  impurities, 
which  being  removed,  so  far  as  they  permit,  by  the  exercise  of  mere  rubbing 
with  a  piece  of  chamois  leather  or  silk,  any  remaining  portion  should  be  moistened 
with  oliye  oil,  loosened  by  renewed  friction ;  finally,  the  oil  should  in  its  turn  be 
wiped  o£^  and  the  glass,  if  not  perfectly  clean,  moistened  with  alcohol,  and  rubbed 
until  dry. 

As  regards  the  rubber  portion  of  the  machine,  it  does  not  consist  of  a  simple  pad, 
but  the  surface  of  the  pad  is  smeared  with  an  amalgam  of  tin,  zinc,  and  mercury— a 
mixture  which  is  found  to  conduce  to  electrical  development ;  but  as  this  compound 
soils  the  glass  portion  of  the  machine,  the  latter  requires  to  be  cleansed  from  adhering 
streaks  of  dirt  more  frequently  than  it  otherwise  would. 

The  next  point  for  consideration  is  the  composition  and  formation  of  the  amalgam, 
also  the  method  of  laying  it  upon  the  surface  of  the  rubber. 

The  amalgam  itself  is  formed  of  tin,  zinc,  and  mercury,  equal  parts  of  each.  The 
two  former  are  fused  together  in  an  iron  ladle,  the  mercury  added,  rapidly  incorporated, 
at  once  removed  from  the  fire,  thrown  into  a  wooden  box  containing  powdered  chalk, 
and  agitated  imtil  cold.  It  is  now  transferred  to  a  mortar,  all  inequalities  broken  down 
with  the  pestle,  and  incorporated  with  about  one-eighth  of  its  own  bulk  of  pomatum. 
The  ynfiftlg*^™,  thus  prepared,  may  be  squeezed  into  a  mass  and  smeared  over  the  surface 
of  the  rubber. 

When  electrical  experiments  are  carried  on  in  an  airy,  well-ventilated  room,  when 
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the  "weather  is  moderately  dry,  and  the  individuals  present  are  but  few,  there  is  no 
great  difficulty  experienced  in  preventing  the  deposition  of  aqueous  vapour  upon  the 
various  parts  of  the  machine.  The  case  is  otherwise,  however,  when  prosecuting 
electrical  experiments  in  a  crowded  apartment,  such  as  a  lecture  room.  Under  these 
circumstances,  much  Care  is  necessary  to  insure  such  a  state  of  dryness  as  may  not  be 
incompatible  with  experiments.  Perhaps  the  best  means  of  accomplishing  this  consists 
in  placing  on  the  lecture-table,  in  the  vicinity  of  the  machine,  little  furnaces  or 
chafing-dishes  containing  ignited  charcoal.  For  the  purpose  of  increasing  the  radiating 
or  heat-giving  surface,  discs  of  metal,  circular  by  preference,  should  also  be  sup- 
ported over  the  glowing  charcoal  by  any  adequate  means.  Gas  and  oil  lights  do 
not  answer  well  the  end  desired.  A  main  result  of  their  combustion  is  water, 
which  greatly  counteracts  the  direct  effects  of  heat.  Burning  charcoal  is  not 
attended  with  this  disadvantage ;  the  result  of  its  c<mibustion  being  carbonic  acid 
alone. 

As  regards  the  glass  insulating  legs  of  the  machine,  it  is  difficult  to  keep  them 
quite  dry,  except  they  be  overlaid  with  tarnish.  That  which  answers  most  satisfac- 
torily for  the  purpose  is  a  solution  of  shellac  in  spirit,  of  wine.  By  the  aid  of 
the  electrical  machine,  our  knowledge  of  electrical  agencies  may  be  now  further 
extended. 

Does  UleeiHciii/j  whilst  at  reity  penetrate  the  whole  subskthc6  of  a  hody,  oris  it  con- 
fined  to  the  surface? — The  experiments  necessary  to  the  investigation  of  this  subject 
admit  of  performance  without  the  electrical  machine ;  but  they  are  so  much  more 
readily  conducted  by  the  aid  of  that  instrument,  that  I  have  thought  it  desirable  to 
postpone  their  consideration  until  the  present  time. 

If  any  hollow  vessel  of  conducting  material  be  taken  (an  ice-pail  answers  perfectly* 

well,  placed  upon  a  stool  having  glass  legs,  and  hence 

commonly  known  as  the  insulating  stool),  an  electrified 

body  brought  into  contact  with  the  hollow  veesel  neces- 

^  sarily  conveys  electricity  to  the  latter.    In  conducting 

J^-  •        this  experiulent,  the  electricity  may  be  taken  from  the 

™|  prime  conductor  of  an  electrical  machine  by  direct  metal- 

11 1  lie  contact  with  the  latter,  and  a  carrier-ball  of  metal, 

i|i  insulated  by  attachment  to  a  silk  cord,  may  be-  employed 

it=^w  *°  convey  away  the  electricity  from  the  charged  vessel 

|J>^^^         to  the  testing  electrometer. 
fY     V  Arrangements  being  thus  made,  if  the  camera-ball  be 

I  I  brought  into  contact  with  the  external  surface  of  the 

1^1  ]  vessel,  then  removed  and  caused  to  approach  the  plate 

of  a  delicate  electrometer,  the  gold  leaves  will  instantly 
diverge,  thus  proving  the  existence  of  electricity.  If,  however,  the  oamer-ball  be 
now  dipped  within  the  vessel,  brought  into  contact  with  its  inner  surfiice,  and  again 
brought  into  contact  with  the  electrometer  plate,  not  the  slightest  divergewse  will 
ensue;  thus  proving  that  the  electric  influence  is  totally  confined  to  the  external 
portion  of  the  vessel.  Nor  is  the  general  result  altered  if,  instead  of  a  vessel  having 
solid  sides,  one  having  orifices  be  substituted-^such  as  a  mesh-work  cage  of  wire 
gauze.  But  perhaps  the  most  striking  form  of  conducting  the  experiment  is  as 
follows : — 

The  annexed  vessel  represents  an  instrument  composed  of  an  insulating  glass 
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handle  and  a  brass  ring, — a  heaTy  brass  bottom,  the  latter  suspended  to  the  ri^g  by 

means  of  network  of  linen,  not  silk,  threads.    A  net* 

work  of  metallic  wire  would  have  better  ftilfilled  one 

condition  of  the  experiment;   but  it  would  have 

necessarily  been  rigid,  and  consequently  unadapted 

to  the  jnechanical  necessitieB  of  the  instrument,  as 

will  pretendy  appear. 

The  object  of  this  contriyanco  is  as  follows  .—By 
means  of  dexterous  manipulatioli  it  admits  of  being 
turned  inside  out  without  touching ;  so  that  the 
internal  portion  of  the  net  may  be  made  at  pleasure 
the  external  p^ortion,  and  viei  versa.  If  the  insulated 
carrier-ball  be  dropped  inside  this  network,  brought 
in  contHdt  with  the  metallic  bottom,  removed  and 
tested  by  means  of  a  gold-leaf  or  torsion  electro- 
meter, not  the  slightest  electrical  excitation  will  be 
manifested;  whereas,  byreyersing  the  conditions, 
ample  proof  of  electricity  wiU  result. 

PerhaJ>s  no  devices  can  more  strikingly  illustrate  the  proposition  that  electricity, 
whilst  at  rest,  occupies  the  surface  of  bodies,  than  these  already  cited ;  the  following, 
howeyer,  being  easy  of  execution,  may  be  stated. 

Let  A  be  an  insulated  metallic  ball,  charged  with  electricity,  ahd  B  C  metallic 
hemiapherieel  onpS)  which  being  approximated,  by  means  of  their  insulating  glass 

handles  ^  and  p'j  embrace  the  ball. 
Under  these  circumstances  the 
charged  ball  will  be  found,  if  in- 
closed within  its  metallic  hemi- 
spheres for  an  instant  and  the  cups 
removed,  to  have  lost  all  its  elec- 
tricity. Another  form  of  demon-  . 
stration  is  ,as  follows : — S  is  a'sheet 
of  thin  metallic  foil,  wound  round 
a  cylinder,  t,  which  latter  is  in- 
sulated. Attached  to  the  cylinder, 
by  metallic  communication,  are  two  pith  balls,  which  serve  the  purpose  of  an  electroscope. 
By  turning  the  cylinder  on  its  axis  the  metallic  foil  will 
be  wound  up,  its  surface  being  lessened,  although  its 
metallic  mass  remain  the  same.  Under  these  circum- 
stances the  pith  balls  win  diverge,  indicative  of  an 
increased  tension  or  accumulation  of  electricity  on  a 
limited  area.  This  experiment  is  the  more  striking 
that  il  does  not  require  electricity  to  be  imparted  from 
any  extraneous  source ;  the  electricity  naturally  eiist- 
ing  in  the  metallic  leaf  bfeing  that  which  is  called  into 
active  play. 

The  preceding  experiments  are  direct ;  but  the 
proposition  may  be  demonstrated  indirectly,  by 
experiments  which  have  already  been  mentioned  with  a  different  object.      Tkc 
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mutual  repulsion  of  light  bodies,  when  duly  considered,  is  another  proof  that 
electricity  resides  on  outside  surfaces,  and  that  in  endcayouring  to  get  as  far  as 
possible  away,  it  carries  with  it  the  light  bodies  themselves ;  the  demonstration,  how- 
ever,  is  rendered  more  striking  by  employing  an  instrument  of  this  kind : — a  is  a 
vertical  stem  of  conducting  material,  insulated  by 
placing  it  on  a  glass-legged  stool ;  a  a  s  s,  &c.,  are  strips 
of  paper  attached  to  its  upper  extremity.  When  the 
stem  a,  and,  consequently,  the  strips  of  paper,  tsss^ 
are  brought  into  communication  with  the  charged  prime 
conductor  of  an  electrical  machine,  a  mutual  separation 
of  the  strips  of  paper  takes  place.  They  are  not,  how- 
ever, equally  separated  throughout  their  whole  depth. 
The  outside  ones  separate  first;  and  when  they  are 
sufficiently  removed  from  the  central  influence,  others 
follow.  Now  it  has  already  been  demonstrated  that  bodies  similarly  electrified  repel 
each  other ;  consequently,  if  the  electricity  were  equally  distributed  throughout  the 
entire  layers  of  paper  slips,  they  should  undergo  mutual  repulsion  throughout  their 
entire  depth. 

The  following  experiment,  again,  illustrates  the  same  proposition;  and  it  will  be 
found  to  have  a  double  significance : — a  is  an  insulated  conducting  stem,  terminated  by 
a  metallic  platform,  b\  c  is  a  little  basket,  or  any  other 
vessel  of  conducting  material,  possessing  a  similar  depth 
and  general  shape.  The  basket  contains  shreds  of  tissue- 
paper,  each  about  an  inch  square.  If  the  basket  and  its 
contents  be  now  brought  in  communication  with  the 
prime  conductor  of  an  electrical  machine,  and  if  the 
prime  conductor  be  very  gradually  charged,  a  portion  of 
the  paper  shreds  may  perhaps  be  repelled,  and  fly  out  of 
the  basket.  Whether,  however,  this  result  takes  place  or 
not  depends  entirely  on  the  depth  of  the  basket ;  and  by 
supplying  a  basket  of  sufficient  depth,  the  mutual  repul- 
sion of  the  paper  slips  may  be  altogether  prevented. 
Instead  now  of  exposing  the  paper  slips  in  a  basket 
to  electrical  infiuence,  place  them  on  the  metallic 
disc  3,  and  bring  the  apparatus  in  communication  with  the  prime  conductor  of  an 
electrical  machine  as  before.  Mutual  repulsion  between  the  paper  cuttings  now 
takes  place ;  they  rise  out  of  the  basket,  extend  outwards,  and  ultimately  fall.  Thus 
it  is  recognised  that  the  act  of  mutual  repulsion  is  dependent  on  the  depth  of  the 
basket — on  the  amount  of  outsidedneas,  to  use  an  allowable  expression,  possessed  by  the 
apparatus. 

But  the  experiment  has  another  significance :  the  paper  shreds  are  not  scattered 
at  once  throughout  their  whole  depth,  as  they  would  have  been  by  the  ezerciBe 
of  a  homogeneous  repulsive  force,  but  the  outside  pieces  are  first  repelled,  then 
foUows  another  layer,  then  the  next,  and  so  on  to  the  'end.  A  consideration  of  this 
tendency  of  electricity  to  approach  the  outside  of  conducting  bodies  is  one  which  has 
numerous  practical  bearings,  and  merits  a  stilj.  more  attentive  consideration  than  has 
already  been  given  to  it.  The  theory  of  lightning-conductors,  for  instance,  mainly 
depends  upon  it,  as  will  soon  bo  manifest. 


OTTT8IDEDNBS6  OF  ELBCTBICITT.  225 


of  Btoctiioity  FvoTOd^— Starting  firom  the  original  proposi- 
tion, tiiat  eleotrioitj  is  alone  confined  to  the  outside  of  bodiea,  it  will  now  be 
desirable  to  trace  its  relatioii  to  conductors  of  yarious  shapes ;  and  here  I  shall 
haTe  occasion  to  employ  a  term  already  tAo^tedr-cmtBtdedneu,  A  slight  consideration 
of  Tmrions  mathematical  solids  will  demonstrate  that  each  solid  possesses  an  amount 
of  outsidednsas  peculiar  to  itself;  understanding  by  that  term  the  mutual  distance 
of  ^points  OBL  the  surfiftoe  of  each  solid  from  the  Tatter's  centre.  It  will  be  eyident 
that  a  sphere  will  have  this  outsidedness  more  equally  diffused  than  any  other  form 
whaterer;  and  that  a  point  will  depart  to  the  farthest  extent  possible  from  this 
eonditloii.  It  IbUows,  therefore,  that  electricity  should  be  most  equably  diffused 
over  tite  smfhce  of  a  sphere ;  and  in  proportion  as  the  conductor  assumes  the  pointed 
form,  so  will  the  electric  inequality  be  greatest.  Experiment  bears  out  the  supposition 
most  remarkably.  If  a  spherical  insulated  conductor  be  brought  into  communication 
with  the  machine,  and  sparks  drawn  from  the  sphere  by  approaching  it  with  a  metallic 
knob,  it  will  be  found  that  on  all  aspects  of  the  spherical  conductor,  sparks  of  equal 
size — ^in  other  words,  of  equal  character  or  power — may  be  drawn.  Immediately,  how- 
ever, that  the  spherical  form  is  departed  from,  a  different  result  is  obtained.  Taking  a 
cylinder,  for  instance,  it  will  be  found  that  a  spark  drawn  frt)m  either  extremity  differs 
in  quality  frt>m  the  spark  drawn  from  either  side ;  and,  in  short,  without  needlessly 
multiplying  farther  examples,  a  similar  progression  of  results  will  be  made  evident  as 
the  experimenter  proceeds  from  the  spherical  to  the  pointed  type.  At  length,  when 
arrived  at  the  pointed  form,  the  experimenter  will  discover  that  the  electrical  conden- 
sation tension,  or,  to  adopt  the  language  of  theory,  electrical  pressure,  is  so  great,  that 
no  spaik  whatever  can  be  drawn  from  the  point  from  which  the  electricity  escapes  in  a 
contiimouB  stream.  To  demonstrate  this  proposition  nothing  more  is  required  than  the 
attachment  of  a  needle  to  a  prime  conductor  in  such  a  manner  that  the  point  of  the 
needle  looks  Outward.  Under  this  arrangement  it  wiU  be  impossible  to  retain  electri- 
city on  the  prime  conductor ;  and  if  the  experiment  be  performed  in  a  darkened  room, 
the  escape  of  electricity  will  be  rendered  manifest  by  the  appearance  of  a  luminous 
object  known  as  the  electric  pencil  or  brush. 

The  preceding  experiment  has  been  described,  fcnr  the  sake  of  simplicity,  as  though 
the  passage  of  electricity  had  reference  to  the  prime  conductor  of  the  machine  alone, 
considered  as  an  electric  source ;  but  it  will  be  obvious,  from  a  proper  application  of 
the  theory  of  induction  already  explained,  that  the  machine  prime  conductor  can  only 
be  regarded  as  the  representative  of  one  member  of  a  duality,  the  second  member  of 
which  is  the  whole  eartL  In  other  words,  regarding  the  prime  conductor  of  an  elec- 
trical machine  as  electrified  -{-  or  plus,  this  dectricity  must  be  balanced  by  its  coun- 
terpart <if  —  or  minus  electricity  existing  on  some  other  body ;  which  body,  provided 
no  amount  of  insulation  take  place,  ia  the  whole  earth.  Whence  it  follows  that  all 
which  has  been  stated  in  reference  to  the  giving  out  of  electricity  by  the  prime  con- 
ductor, or  conductors,  of  various  shapes,  brought  into  electric  communication  with  it, 
apply  conyersdy  to  a  reversal  of  the  arrangements  already  detailed ;  or,  to  be  practical, 
if  a  needle  attached  to  the  machine  prime  conductor  be  potent  in  giving  out  electricity  to 
the  earth  prime  conductor— so  conversely  a  needle  attached  to  the  earth  prime  conductor — 
(i.  e.f  held  in  the  operator's  hand),  will  be  equally  potent  in  receiving  electricity  from 
the  prime  conductor  from  the  machine ;  and  generally  the  proposition  in  its  widest 
significance  may  be  thus  embodied :  The  capability  of  any  mechanical  form  for  giving 
electricity  it  equal  to  its  capability  for  receiving  it. 
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Thus  the  general  proposition  is  demonstrated  that  electricity  resides  on  the  Bur£EU^e 
of  hodies,  not  penetrating  to  any  sensible  depth ;  hence  the  capacity  f[>r  electricity— to 
use  a  figuratiye  term — ^will,  eeieris  parihusy  be  proportionate  to  the  area  of  surface.  It 
must  be  pointedly  inculcated,  however,  that  this  remark  only  applies  to  electricity  in 
a  static  or  motionless  condition.  Where  electric  currents  are  concerned,  the  power  of 
a  conductor  to  transmit  a  given  charge  is  proportionate  to  the  mass  of  conductor  of 
equal  conducting  power.  This  is  a  circumstance  of  great  practical  importance ;  on 
its  comprehension  is  based  the  construction  of  lightning  rods;  experience  having 
determined  that  for  each  conducting  body  there  exists  a  solid  transverse  section,  com- 
petent to  give  ready  passage  to  the  largest  known  discharge  of  atmospheric  electricity. 
The  following  numbers  represent  the  facility  with  which  different  metals  conduct 
electricity : — 

Silver 136 

Gold 103 

Copper 100 

Zinc 28 

Platinum 22 

Iron 17 

Mercury 2'6  

The  Zieyden  Jav. — ^This  powerful  agent  of  electrical  condensation  involves  no 
principle  that  has  not  already  been  described.  Its  construction  is  based  upon  a  direct 
application  of  the  laws  of  induced  electricity.  The  casual  examination,  however,  of  a 
Leyden  jar  is  suggestive  of  another  idea — the  idea  of  electricity  as  a  material  fluid 
capable  of  being  preserved  in  vessels  of  capacity.  It  was  this  idea,  indeed,  which  led 
to  the  discovery  of  the  Leyden  jar ;  the  history  of  which  is  curious. 

In  the  year  1743,  Cuneus  and  Muschenbroek,  of  Leyden,*  imbued  with  the  senti- 
ment then  universally  prevalent  that  electricity  was  a  material  fluid  entity,  bethonght 
themselves  of  trying  whether  the  fluid  could  not  be  accumulated  and  preserved  in  a 
non-conducting  vessel  filled  with  a  conducting  material.  The  vessel  they  employed 
was  a  glass  phial— the  conducting  material  water.  Into  the  bottle  a  nail  was  thrust  in 
such  a  manner  as  to  establish  electric  communication  between  the  conducting  mateiial 
(water)  internally,  and  the  charged  prime  conductor  of  an  electrical  machine.  An 
experimenter  now  taking  the  bottle  in  his  hand,  and  causing  the  nail  to  approach  the 
prime  conductor^  drew  electricity  from  that  source  until  no  more  would  flow — ^the 
bottle,  to  adopt  the  expression  of  a  former  period,  being  fuU.  He  now  approached  the 
knuckle  of  his  finger  to  the  nail,  expecting,  no  doubt,  to  receive  a  spark  of  just  the 
same  force  as  he  might  have  received  £rom  the  prime  conductor  itself.  Instead  of  this, 
however,  he  received  a  shock ;  and  a  new  fleld  of  observation  was  opened.  As  the 
fullest  details  connected  with  the  formation  of  this  primitive  electric  bottle  are  on 
record,  we  may  form  a  just  appreciation  of  the  power  of  the  received  shock.  It  mast 
have  been  altogether  insignificant ;  yet  so  great  was  its  novelty,  so  unexpected  its 
occurrence,  that  it  terrified  Muschenbroek  extremely,  so  that  he  protested  he  would 
not  receive  a  similar  shock  for  all  the  kingdoms  of  Europe. 

It  must  be  confessed  that  a  casual  examination  of  the  electric  or  Leyden  jar  is  sin- 
gularly suggestive  of  the  idea  that  electricity  is  collected  in  it  bodily.  The  idea, 
however,  is.  soon  dispelled  by  further  •investigation.  If  it  were  really  true  that  the 
•  *<Hi8t.  de  I'Aoademie,"  1746. 
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theoiy  of  this  instnunent  be  referable  to  the  mere  retention  of  electricity  by  a  Burround- 
ing  iioiiMX»diictor,  then  it  follows  that  the  bottle  should  not  require  an  outside  coating  : 
it  would  fellowy  moreoyer,  that  the  thicker  the  bottle  the  better  the  effect.  Neither 
is  trae.  There  must  be  an  external  conducting  layer  of  some  kind,  and  the  glass  must 
not  be  too  thick.  But  in  what  did  the  external  coating  of  the  first  Leydcn  jar  consist } 
The  hAnd  of  the  operator  himself ;  without  which,  or  some  equivident,  as  was  soon 
disoorered,  the  experiment  could  not  succeed.  As  at  present  constructed,  the  Leyden  jar 
consists  of  a  glass  vessel  or  bottle,  of  about  the  usual  thickness,  coated  internally  as 
▼ell  M  externally  with  tinfoil,  which,  however,  stops  short  at  a  certain  distance  from 
the  nurath  <^  the  jar :  this  distance,  practice  alone  can  determine.  In  making  these 
jsn,  maay  praetieal  o(msiderations  hare  to  be  regarded,  which  it  is  unnecessary  here  to 
state :  it  is  proper  to  mention,  however,  as  involving  something  more  than  making  the 
jar,  that  it  is  a  good  plan  partially  to  overlay  the  extreme  edge  of  the  tinfoil  internally, 
with  a  slip  of  paper  about  half  an  inch  in  width,  in  such  a  manner  that  one-half  of 
the  paper,  or  a  little  more,  may  be  in  direct  contact  with  the  glass  sides,  whilst  the 
remaining  portion  of  paper  surface  is  in  direct  contact  with  the  tinfoil.  By  this  con- 
trivanee,  any  little  asperities  or  points  existing  on  the  cut  edge  of  the  tinfoil  may  be 
guarded,  and  thus  their  tendency  to  dissipate  their  charge  greatly  obviated.  A  similar 
adaptation  might  be  made  with  increase  of  safety  to  the  external  coating  also ;  but 
thus  situated  it  would  be  liable  to  abrasion,  and,  moreover,  the  internal  protection 
usually  sufflcee.  Begarding  the  Leyden  jar  as  the  application  of  a  principle,  we  may 
BOW  with  advantage  proceed  to  assume  various  alterations  in  its  shape,  in  order  that  its 
depsndsBoe  on  deotrical  conditions  already  made  known,  may  be  the  more  lucidly 
dflmonrtiated.  Abandoning  the  obsolete  theory  which  referred  the  concentration  of 
«leotcieity  to  the  shutting  up  of  the  influence  in  a  vessel  of  capacity, 
it  would  ioXLow  that,  instead  of  a  bottle,  any  double-coated  layer  of 
non-eonduoting  material  would  be  equally  efficacious.  Such, 
iodeed,  ia  the  case;  the  form  of  glass  sheet  on  which  the  con- 
dnetiBg  layer  is  imposed  being  purely  a  matter  of  convenience,  a 
flat»  doably-ooated  sheet  of  glass,  as  represented  in  the  subjoined 
diagram,  answers  perfectly  well,  and  the  slightest  attention  will 
at  once  show  that  such  an  arrangement  is  virtually  that  of  Yolta's 
condenser— a  full  description  of  which  has  been  given  at  page  218, 
and  which,  by  comparison  with  the  Leyden  jar,  will  be  seen  to  bear 
out  the  remark..  In  the  Leyden  jar,]  or  its  analogue,  the  inter- 
posed non-conducting  agent  is  glass ;  in  Volta's  condenser,  the 
interposed  non-conducting  agent  is  atmospheric  air.  This 
difference,  it  will  be  seen,  is  not  one  of  principle,  but  of  con- 
struction :  virtually,  therefore,  the  two  instruments  are  identi- 
cal. After  what  has  been  stated  concerning  Volta's  condenser, 
little  remains  to  be  said  about  the  Leyden  jar,  the  nature  of 
which  will  immediately  be  evident.  On  bringing  the  knob  a, 
which  may  be  considered  as  an  extension  of  the  internal 
coating,  in  contact  with  the  prime  conductor,  the  internal 
coating  receives  a  -{-  or  positive  change,  equivalent  in  power 
to  the  amount  of  —  or  negative  influence  susceptible  of  con- 
centration in  its  vicinity.  Now  this  amoimt  of  condensation  will  depend,  eeieris 
paribus^  on  the  extent  and  the  proximity,  within  certain  limits,  of  conducting  surfaces ; 
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and,  inasmuch  as  the  external  or  opposed  metallic  coating  furnishes  the  proziimtj 
of  surface  under  the  most  favourable  theoretical  conditions,  the  Lejden  jar  becomes 
adapted,  according  to  a  primary  law  of  electricity,  to  receive  the  maximum  amooBt 
of  electric  influence.    If  the  glass^  or  other  interposed  medium,  be  too  thick,  thai 

the  power  of  the  hi- 
/[  stmmeiit  diminishes,  in 

■      ^         -  *  *"  consequence  of  the  op- 

posed metallic  plate 
being  too  far  removed. 
If,  on  the  contraiy, 
the  glass  be  too  tfaio, 
it  is  liable  to  be  broken 
by  the  electrie  poUr 
conflict  which  takes 
place  amidst  its  par* 
tides.  By  incietsing 
the  dimensions  of  a 
Leyden  jar,  or  (what 
amounts  to  thd  anM 
thing)  by  mcreaslqg 
the  number  of  jam 
in  commtttticattioB,  vt 
power  of  the  combina* 
tion  may  be  increased  to  an  extent  only  limited  by  the  power  of  the  machine  employed 
in  charging  it.  Such  a  combination  of  jars  is  termed  the  Leyden,  or  the  eleetriOy  bBttcvy 
—an  apparatus  by  means  of  which  the  most  magnificent  displays  of  electrieal  poirer 
may  be  evidenced,  and  all  the  tremendous  effects  of  lightning  imitated. 

Method  and  Efftets  of  DUeharging  the  Leyden  Jar  or  Battery. — The  ordinftfy 
mode  of  ascertaining  the  degree  of  tension  at  which  the  electricity  of  a  Leyden  eon^ 
bination  has  arrived  is  by  means  of  the  Henley's  quadrant  electrometer,  as  it  is  called^  Ml 
instrument  which  is  represented  in  the  accompanying  woodcut,  and 
the  indications  of  which  depend  on  the  repulsion  of  a  pith-ball 
attached  to  one  end  of  a  thin  wooden  filament,  the  other  end  of 
which  turns  on  a  vertical  pivot.  The  deflections  of  this  wooden 
filament  are  proportionate  to  the  tension  of  electricity  within  the 
system ;  and  being  read  off  on  a  graduated  ivory  scale,  the  pro- 
gress of  the  electrical  charge  may  be  approximately  estimated. 
When  the  jar  or  system  has  been  charged,  it  may  be  discharged 
by  establishing  a  metallic  or  other  suitable  conducting  channel 
between  the  two  coatings.  This,  in  the  language  of  electricity, 
is  denominated  completing  the  eireuit;  and  bodies  on  which  it  is 
desired  to  operate  by  means  of  the  accumulated  electricity  must 
be  made  part  of  this  circuit.  Various  methods  are  had  recourse  to  for 
establishing  this  communication;  but  the  instrument  commonly 
employed  is  termed  the  discharger,  represented  on  the  following 
page.  Mere  inspection  of  this  instrument  will  show  that  it  is 
well  adapted  for  the  purpose  intended.  The  distance  between  the  nutaide 
and  the  knob  communicating  with  the  internal  coating  being  judged  of  by  the  eye^ 
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ike  bran  anna  of  tlie  inatrument  admit  of  regulation  by  meana  of  the  pivot  firom 
wbiok  tbey  diTerge ;  and  the  glaia  inaulating 
handle  obriatea  the  ohance  of  an  electric 
ihoefc,  or  the  diaaipation  of  paaaing  eleotricity. 
When  the  inatmmenl  ia  thua  applied  to  a 
charged  Leyden  jar  or  syatem,  a  report  ia 
haaid  i^raportioiiiate  to  the  tenaion  of  the  eleo- 
trifiity  ooUeoted,  a  q^arik  ia  aeen  paaaing 
through  the  air  at  the  point «,  electric  equi- 
librium ia  reatoied,  and  the  jar  or  ayatem  ia 
said  to  be  diieharged. 

JUtfaong^  the  common  diacharger  is  sufficient  for  effecting  the  mere  discharge  of  a 

Leyden  oombination,   other  instruments  are 
neceasary  for  the  purpose  of  bringing  the 
passing  deotricity  into  operation.      Of  these 
instruments,    the    one    most    generally    re- 
quired is  known  as  Henley's  uniyersal  dis- 
^      charger,  and  is  represented  by  the  annexed 
imiuiimiMniimiinniiimiimiimiiiimiiiiiiiiiiiiiiiiiiiti      woodcut     The  advantage  of  this   instru- 
meat  will  appear  in  the  course  of  experiments  about  to  be  described. 

Bwmm  eliaoU  of  AccnaanUted  Sleetiiolty. — ^Provided  the  body  through 
v^iioh  ei&ectricity  is  transmitted  be  a  conductor  sufficiently  good,  and  sufficiently  large, 
tha  paaiage  of  accumulated  electricity  exercises  no  perceptible  effect.  This  statement 
may  he  inferred  from  a  consideration  of  the  aet  of  discharging  a  Leyden  jar  by  means  of 
the  inatrum^it  just  described,  in  which  the  electric  force  traversed  the  entire  length 
of  the  hraaa  arms,  without  permanently  affsotiag  them  in  the  slightest  degree.  If  those 
arms,  however,  had  been  sufficiently  slender,  there  would  have  followed  a  different 
result  The  metal  would  have  becoi  fused.  This  may  be  shown  in  the  follow- 
ing ei^^eriments : — Employing  a  Leyden  battery  of  not  less  than  four  jars,  each 
having  a  wpacity  of  not  less  than  three  quarts,  prepare  a 
metallic  communication  of  the  following  kind : — To  one 
arm  of  the  discharger  attach  the  end  of  some  fine  steel 
wire,  such  as  is  used  for  the  balance  springs  of  watches, 
bringing  the  other  end  of  the  wire  into  communication 
with  the  external  coating  of  the  battery.  This  can  readily 
be  accomplished  by  twisting  the  wire  round  the  metallic 
book,  or  stem,  always  attached  to  the  case  in  which 
the  jars  of  a  battery  are  contained,  and  which  is  in 

immediate  oommunication  with  their  external  coatings.  Conditions  being  thus 
arranged,  oharge  the  battery,  and  discharge  it  in  the  ordinary  manner.  The  conditions 
of  the  ejq^eriment  are  such  that  aU  the  accumulated  electricity  must  necessarily  pass 
through  the  small  steel  wire,  whose  sectional  area  being  very  circumscribed,  the 
electricity  meets  with  interruption  in  its  course,  and  combustion  of  the  wire  results. 

Listead  of  the  wire  employed  in  the  last  experiment,  a  slip  of  metallic  foil,  not  too 
thidL  or  too  wide,  may  be  attached  by  means  of  paste  to  a  plate  of  glass  or  sheet  of 
writing  paper,  and  the  electric  influence  transmitted,  when  the  metal  will  be  inflamed, 
provided  the  electric  charge  have  been  sufficiently  strong. 

In  conducting  this  experiment,  the  mechanical  disposition  of  parts  will  be  facili- 
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tated  by  using  the  uniyersal  discharger  already  described.  Not  merely  is  these 
experiments  does  combustion  result,  but  the  electricity,  whilst  making  its  circuit,  effects 
an  expansion  of  the  metallic  substance,  as  may  be  rendered  evident  by  the  following 
experiment : — ^Attach  as  before  a  thin  and  narrow  strip  of  metallic  foil  to  a  plate  of 
glass,  lay  oyer  it  another  plate  of  glass,  and  screw  both  tightly  together  by  means  of 
a  little  wooden  press  intended  for  that  purpose.  If  the  two  glass  plates  be  now  laid 
on  the  table  of  the  uniyersal  discharger,  and  the  shock  of  a  sufBciently  powerful 
battery  transmitted,  not  only  will  the  foil  undergo  combustion  as  before^  but  c»ie  n 
both  tiie  glass  plates  will  be  fractured. 

The  fact  has  already  been  adverted  to,  that  if  the  sides  of  a  Leyden  jar  be  too  iJiin, 
they  are  liable  to  be  broken  by  the  force  of  electrical  tension.  The  usual  effect,  iadeed, 
of  electricity,  when  made  to  pass  through  imperfect  conductors,  is  to  shatt^  or  per- 
forate. This  may  be  readily  demonstrated  by  employing  a  sheet  of  paper,  or  a  card, 
to  break  the  metallic  continuity  of  an  eleclric  circuit,  as  may  be  readily  effected  by 
adopting  the  contrivance  represented  underneath,  where  the  sheet  of  paper,  p,  is  seen  to 

be  interposed  between  the  ball  of  the  discharger  by 
and  the  ball  r,  communicating  with  the  interior  lining 
of  the  battery.  Leaving  these  exemplijGlcations  of 
consequences  resulting  from  the  electric  dischaige 
through  bodies  not  endowed  with  any  marked  quaH- 
ties  of  combustibility,  we  may  now  investigate  the 
effects  jH^duced  by  similar  discharges  oa  bodies 
eminently  combustible ;  and  here  we  shall  find  that 
the  result  is  greatly  modified  by  the  cohesiTe  state  of 
the  bodies  acted  upon ; — ^for  instance,  it  will  be  seen  that  gases  are  more  readily  inflamed 
than  liquids,  liquids  more  readily  than  solids.  To  accomplish  the  inflammation  of  a  gas 
by  electricity  a  battery  is  unnecessary — a  single  jar  is  not  even  required,  although  in 
practical  laboratory  operations  a  small  jar  is  generally  used.  The  mere  passage  of  a 
simple  spark  from  the  prime  conductor  to  a  metallic  jet,  from  which  coal  gas  issues,  is 
generally  sufficient  to  produce  ignition.  The  finger  knuckle  may  be  made  to  yield 
the  spark,  provided  the  operator  be  insulated  on  a  glass-legged  stool.  The  mode  of 
operating  demonstrates  no  electrical  principle  which  has  not  already  been  discussed; 
but  it  affords  a  very  striking  method  of  performing  the  experiment. 

An  inflammable  liquid — such  as  ether — may  also  be  generally  ignited  by  means  oft 
spark  drawn  from  its  surface,  by  means  of  the  knuckle  or  a  metallic  knob.  This 
experiment  may  be  most  readily  conducted  by  placing  a  small  metallic  pan  on  the 
prime  conductor  of  the  machine,  filling  the  pan  with  ether,  charging  the  conductor, 
and  drawing  from  the  surface  of  ether  a  spark.  The  ignition  of  infiammable  gases  m 
closed  vessels  is  an  operation  of  frequent  occurrence  in  chemical  practice,  and  is  laest 
readily  accomplished  by  means  of  the  electric  spark.  The  engravings  on  the  foUowiog 
page  Ulustrate  the  general  disposition  of  apparatus  for  accomplishing  the  result. 

The  vessels  in  which  the  gases  to  be  exploded  are  confined,  consist  either  of  glass 
tubes  or  stout  glass  jars,  and  are  called  eudiometers.  Fig.  1  represents  the  kind  of 
eudiometer  most  commonly  employed  in  laboratory  practice ;  it  consists  of  a  stout 
glass  tube,  having  an  internal  diameter  of  about  half  an  inch,  and  a  length  of  six 
inches.  Towards  the  closed  end  of  this  tube  two  platinum  wires  are  inserted  at  rig^ 
angles  to  the  axis  of  the  tube,  and  securely  fixed  in  their  place  by  fusing  the  sor^ 
rounding  glass.    The  open  end  of  the  tube  is  caused  to  dip  in  a  vessel  of  mercury;  by 
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vrliioh  oomtriTanoe  the  interior  of  the  tube  becomes  a  cavity  closed  on  all  aspects.   The 
two  ri^t*"""*  wires  which  perforate  the  tube  do  not  touch,  but  a  small  space     _. 
remaining  between  them ;   a  chai^  of  electricity  can  only  pass  from  one  to    ^ , .  ^ 
the  odier  in  the  form  of  a  spark,  by  the  agency  of  which  combustion  is 


Flg.S. 


Fig.  2  reprosents  a  form  of  eudiometer  for  which  we  are  indebted  to  the 
ingenuity  of  Dr.  Ure.  The  former  instrument 
eiUier  requires  to  be  firmly  attached,  by  means 
of  screws,  to  the  mercurial  trough  whilst  the 
electric  charge  is  being  transmitted,  or  the  aid 
of  an  assistant  is  required.  The  employment  of  *'  *' 
Dr.  Uro's  instrument  renders  these  provisions  unnecessary. 
The  operator  grasps  the  eudiometer  firmly  in  his  hand, 
doses  the  open  end  with  his'  thumb,  and  draws  the 
spark  with  his  finger  knuckle.  The  bend  of  the  instru- 
ment contains  a  Uttle  mercury,  which  not  only  preyents 
the  escape  of  gas,  but  deadens  the  shock  occasioned 
by  the  exploded  gas.  Between  the  thumb  and  the 
eorresponding  surface  of  mercury  there  exists  a  column 
of  atmospheric  air,  which  acts  the  part  of  a  spring,  and  serves  to  deaden  the  shock. 

Fig.  3  represents  a  form  of  eudiometer  devised  by  the  celebrated  Cavendish.    It 
enaUea  the  explosion  of  considerable  volumes  of  gas  to  be 
effiBcted,  and  is,  therefore,  well  adapted  to  the  purposes  of  lecture 
demoBstration.    It  was  by  means  of  this  instrument  that  Caven- 
dish demonstrated  synthetically  the  composition  of  water. 

From  examining  the  effects  of  strong  electric  discharges  on 
gtses  and  liquids,  we  next  arrive  at  the  consideration  of  its  effects 
on  solids ;  and  of  these  we  shaU  select  gunpowder  as  the  type  of 
sU  the  rest  For  the  purposes  of  this  experiment,  place  a  little 
ipuqwwder  on  the  ivory  portion  of  the  table  of  the  universal 
discharger,  remove  the  brass  knobs  from  the  stem  of  the  instru- 
ment, and  establish  a  broken  circuit,  as  represented  in  the 
diagram  below. 

By  the  term  broken  circuit  is  meant,  that  metallic  commu-  < 
nication  stops  short  at  either  extremity  of  the  little  heap  of  ^^'  ^' 

gunpowder,  which  is  itself  an  imperfect  electrical  conductor.     Let  a  strong  discharge 

be  now  transmitted,  when  the 
gunpowder  will  be  scattered  in 
various  directions,  but  most  pro- 
bably it  will  not  be  inflamed. 
By  slightly  modifying  the  con- 
ditions of  the  experiment,  how- 
ever, it  may  be  inflamed  readily ; 
and  the  modification  taken  in 
connexion  with  the  result  seems 
not  a  little  anomalous.  Instead  of  establishing  direct  metallic  communication 
between  the  inside  of  the  battery  and  the  gunpowder,  let  a  portion  of  the  circuit 
consist  of  a  piece  of  wet  hempen  cord.     Most  probably  under  this  arrangement  tho 


232  ATMOSPHEKIG  ELECTRICITY. 


gunpowder  will  ta&e  fire.  It  will  certainly  do  bo  if  the  length  of  string  be  duly  appor- 
tioned to  the  strength  of  the  discharge ;  this  is  a  detail,  howeyer,  which  experien«e 
alone  can  regulate. 

The  result  of  this  experiment,  so  seemingly  anomalous,  admits  of  very  satB&ctory 
explanation.  The  inflammation  of  gunpowder  requires  a  certain  prolonged  application 
of  heat ;  and  this  time  is  not  afiforded  by  the  rapid  passage  of  electricity  as  supplied 
imder  the  conditions  of  the  first  experiment.  When,  however,  the  moistened  string, 
which  is  a  bad  conducting  channel,  forms  part  of  the  circuit,  then  the  electricity  is 
made  to  linger  in  its  passage,  and  ignition  of  the  gunpowder  results.  There  can  be 
very  little  doubt  that  this  is  the  true  explanation  of  the  phenomenon,  inasmuch  as  the 
result  is  accordant  with  many  analogies*  Thus  it  is  not  easy  to  ignite  gunpowder  by 
rapidly  passing  oyer  its  surface  a  jet  of  burning  coal  gas,  a  certain  appreciable  lingering 
of  the  flame  being  necessary  to  insure  the  positiye  result.  A  more  strikii^  illustration 
is,  however,  afEbrded  by  the  foUowing  experiment : — On  a  sheet  af  writing-paper  lay  a 
few  grains  of  fulminating  mercury  in  the  form  of  a  train ;  cross  this  train  with  another 
of  gunpowder,  and  ignite  the  first.  The  flame  passes  with  inconceivable  rapidity  torn 
one  end  of  the  mercurial  train  to  the  other,  the  gunpowder  being  necessarily  crossed 
by  the  line  of  fire  ;  nevertheless  the  gunpowder  itself  does  not  inflame.  Another  illus- 
tration of  the  same  fact  is  this : — If  a  percussion-cap,  the  charge  of  which  is  fulminating 
mercury,  be  placed  on  the  nipple  of  a  very  short-barrelled  pistd,  a  charge  of  powder 
thrown  into  the  barrel,  but  no  wadding,  and  the  cap  exploded,  the  gunpowder  usually 
does  not  inflame.  If  wadding  be  rammed  down  on  the  powder,  or  if  the  barrel  be 
prolonged,  then  the  gunpowder  is  inflteoned^  because  the  blast  of  the  percussion-eap 
is  made  to  linger  amongst  the  particles  of  gunpowder — ^in  the  one  case,  by  reason 
of  the  superimposed  wadding ;  in  the  other,  by  reason  of  the  pressure  of  a  eolumn  of 
atmospheric  air. 

AtmoBphexic  Xaectrlcity— Theory  of  Zdghtning-vods.— It  is  titmost  un- 
necessary to  state  that  the  nature  of  thunder  and  lightning  was  totally  imknown  until 
the  celebrated  Benjamin  Franklin  identified  them  with  electricity,  thunder  heiag.  ike 
explosion,  the  lightning  the  spark.  Hence  these  grand  natural  electric  maniibstatsms 
are  identical,  in  all  but  difference  of  degree,  with  the  report  and  the  spark  attendant 
on  the  discharge  of  a  Leyden  battery.  It  is  also  unnecessary  to  state  that 
Franklin  made  this  grand  discovery  by  means  of  a  kite,  along  the  string  of  which 
the  electric  influence  passed,  and  from  the  end  of  which  he  sBCceeded  in  drawing 
a  spark. 

The  moment  this  discovery  became  known,  an  obvious  means  suggested  itself  of 
protecting  buildings  from  the  effects  of  lightning,  by  elevating,  in  contact  with  them,  a 
metallic  rod  of  sufficient  dunensions  to  carry  off  the  greatest  charge  of  electricity  that 
can  occur  at  one  time  in  a  determinate  area. 

Great  discussion  originally  took  place  amongst  electricians  as  to  the  proper  shape  to 
be  given  to  the  extremity  of  these  lightning  conductors.  One  party  advocated  spheri- 
cal terminations,  t .  e,  knobs  or  balls ;  another,  pointed  extremities.  There  remains  no 
doubt  on  this  matter  now.  Points  are  universally  accepted  as  being  the  preferable  fonn, 
and  the  reason  why  they  are  preferable  will  readily  appear  from  explanations  which  have 
been  given  before  :  an  observance  of  the  relative  effects  of  points  and  knobs  applied  near 
to  the  charged  prime  conductor  of  the  electrical  machine  at  once  settles  the  centrOveny. 
A  more  satisfttctory  way  of  demonstrating  the  relative  infiuence  of  i>oints  and  knobfl, 
however,  is  supplied  by  the  following  experiment : — To  the  prime  conductor  of  aii 
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[  dielrical  machine  attach  th<}  instnuiiE^iit  repFt^^itted  m  Uu^  following  diagt^ain,  coji«iat^ 
mg  of  ft  forked  conductort  eaek  prong  of  whkk  quiU  in  ft  boll ;  bul  the  hftUa  tf  o  of 
di&Teot  ditnenfliona.  How  it  ia  endent 
that  in  f^ropordon  u  a  holi  ii  dimiiuAh^d 
in  siBfiy  ao  doet  ii  mpproach  the  nature  of 
I  point  i  founded  on  an  appneciation  of 
wMch.  cireaiii«taiioe  la  the  expiTiment 
about  to  be  deacribed^  If  ihe  opexfttor 
diftf^  the  prime  conductor,  of  which  the 

forked  appAratiu  h  aiiiumcd  to  h<s^  for  tbo  time,  n  port,  and  if  lie  c^^nae 
i  knobbed  oondnctor  to  s^iproach  the  forked  extiemidea,  at  various 
tel&tiye  ^taof^a  iiom  each  other^  he  will  invoriabty  find  that  thf 
deotrio  diwjhaTgiB  tuanifesta  the  great4*Bt  tendency  to  escftpe  from  thu 
small  ball ;  aa  may  he  judged  of  from  tho  length  of  the  apcirk  which 
it  girea  oC  In  thia  way  the  moTeable  ball  may  be  brought  wry  nearly 
into  contact  with  tht  large  ball ;  etilL  tbo  flocrtric  diatiharge  will  toko 
place  £rom  the  small  ono.  If  dt^iredf  the  mecbanical  conditions  of  the 
pi«Ti0i2;S  arrangement  may  be  reTeraed,  tho  forked  conductor  being  hcM 
in  ih»  hand^  the  single  ball  oonductor  &xed  -  etiil  the  result  will  always  agtoe  in 
thi'p    lithe  «Ieetrio  disoborgo  invaiiably  maiufests  a  relation  of  preference  for  the  small 

balL 

Aa  reguils  the  material  of  which  lightning  conductors  should  be  eonstructed, 
this  will  necessarily  bo  determiued  by  a  oonsideratiou  of  tlie  relative  conducting 
power  of  different  bodies^  Mfitals  oro  pre^eoiinent  as  electric  conductors ;  therefbie 
a  liglitmng-rod  should  be  of  mctal^  and  amonpt  metak  copper  is  the  most  eligible. 
In  England,  flttt  bars  of  copper  are  used ;  but,  according  to  Mr.  Faraday^  a  philosopher 
whose  profound  electrical  inyestigations  entitle  hia  opinLona  to  Ibo  greatest  conidence, 
their  usual  dimenaions  are  not  sufficient,  aocidienta  imyiug  frequently  occurred  to 
buildings  protected  with  rods  of  this  kind* 

A  point  of  fundamental  importence  In  the  erection  of  lightning-rodi  is  this  t — They 
should  at  l^eir  inferior  extremity  be  brought  into  direct  luetallic  communioation  with 
l2ie  earth,  by  which  is  meant  not  merely  the  aupcrfi^cial  eoil^  which  may  be  of  such  a 
Med  as  to  become,  when  parched  and  dried  by  continued  bcat^  a  eonductor  of  electricity 
10  imperfect  that  they  may  be  altogether  unable  to  oarry  away  the  electricity  accumu- 
lited  m  the  copper  bar.  By  the  term  earthy  is  meant  the  whole  mass  of  the  globe  in 
an  electrical  sense.  If  a  mass  of  water  be  near^  it  is  a  good  plan  to  extend  the  lower 
extremity  of  the  lightning-rod  into  it.  If  the  building  to  be  pioteoted  be  in  a  town,  no 
better  tenninaition  to  tho  lower  extremity  of  a  lightning-rod  can  be  given  than  the 
general  system  of  gaa  or  water-pipes,  with  which  it  should  bo  brought  into  direct  com- 
munication. 

Another  precept  to  be  remembered  in  the  erection  of  a  lightning-rod  is  thia  i— It 
ihould  be  brought  into  metallic  communication  with  every  oonsidfirable  piece  of  metal 
vork  in  the  ediSee  which  it  is  designed  to  protect,  otherwise  the  rod  is  a  source  of 
danger  instead  of  en  ^gis  of  safety. 

The  necessity  for  eatabUahing  tbia  metallic  oommunicationi  arises  &om  what 
electricians  call  the  lateral  diachorgCj  and  wbich  may  be  thus  illustrated  :— Let  A.  repre- 
lent  a  Ley  den  jar,  £  a  copper  wire  on  which  it  stands,  and  which  is  therefore  in  com- 
munication with  its  external  coating.      The  copper  wire  may  be  indefinitely  extended. 
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whicH  extension  the  diagram  is  inadequate  to  illustrate.  If  the  jar  be  now  charged 
and  discharged,  the  tendency  of  its  [electricity  is  to  permeate  the  best  electric  con- 
ductor^ which  in  this  case  is  the  wire;  but 
even  the  best  conducting  body  affords  some 
resistance  to  the  passage  of  electricity,  so  that 
it  is  possible  for  two  parts  of  the  wire  circuit 
to  be  brought  in  sufficient  proximity  to  each 
other  BO  that  the  electricity  rather  passes  in 
the  form  of  sparks  through  the  intervening  layer 
of  the  non-conductor  than  along  the  lengthened  I 
circuit  of  the  conducting  material.  The  condi- 
tions of  arrangement  in  the  preceding  diagram 
are  such  that  the  electric  spark  would  pass  at 
the  point  maiked  C.  It  is  easy  to  apply  the 
demonstration  here  involved  to  the  actual  case 
of  a  building  to  which  a  lightning-conductor 
has  been  applied. 

Let  A  be  a  lightning-conductor  penetrating 
the  ground  superficiaUy ;  B  a  metallic  water- 
pipe,  having  good  metallic  communication  with 
the  earth ;  and  let  a  powerful  shock  of  elec- 
tricity strike  on  A  from  a  thunder-cloud  above. 
Under  these  conditions  probably  the  elettrioitj 
would  force  its  way  along  and  between  the  masonry 
of  the  house,  between  A  and  B,  as  represented  by  «, 
thus  shattering  the  wall.  In  this  case  the  lightning- 
rod  has  been  the  cause  of  the  destruction  of  the  wall. 
Had  the  rod  not  existed,  probably  the  charge  of  the 
thunder-cloud  might  have  avoided  the  building  alto- 
gether, or,  if  it  had  struck  the  building,  its  discharge 
would  have  been  determined  by,  and  would  have 
passed  along,  the  most  prominent  metallic  mass  on 
the  external  part  of  the  building,  and  which,  under 
the  conditions  assumed,  would  have  been  the  water- 
pipe. 

It  was  customary  formerly  to  insulate  lightning- 
conductors,  studiously  avoiding  all  electric  contact 
with  the  building,  from  which  they  were  carefully 
separated  by  the  interposition  of  non-conductors. 
This  plan  is  not  merely  useless— it  is  injurious,  dan- 
gerous; being  directly  opposed  to  the  conditions  neces- 
sary to  be  adopted  for  avoiding  lateral  discharge. 

An  important  question  for  determination,  relative 
to  the  practical  application  of  lightning-conductors, 
is  the  following :  What  is  the  area  of  protection 
which  a  conductor  of  given  dimensions  is  able  to 
confer  ? 

Towards  the  latter  part  of  the  past  century,  this  question  was  investigated  by  the 
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French  phUosoplien.  They  considered  thenuelyes  justified  in  arriying  at  the  condu- 
sicn  that  a  lightning-rod  might  he  considered  protective  to  an  area  equal  to  twice  the 
length  of  the  lightning-rod,  considered  as  radius.  The  deduction,  however,  is  unsound, 
inasmuch  as  the  result  yaries  according  to  conditions ;  the  protection  heing  more  or 
less  complete  according  to  the  elevation  of  the  rod,  its  size,  its  conducting  power,  the 
absence  of  other  towering  ohjects  in  its  vicinity,  and  some  other  circumstances. 

To  demonstrate  how  small  an  area  may  be  protected  by  a  lightning-rod,  by  reference 
to  what  has  occurred,  the  following  example  may  be  cited : — The  mainmast  of  H.M.S. 
«  Endymion"  was  protected,  the  foremast  not,  and  a  flash  of  lightning  striking  the  latter, 
shivered  it  to  atoms ;  yet  the  distance  between  the  two  masts  was  scarcely  fifty  feet* 

Hence  large  buildings  will  require  a  number  of  protectors  proportionate  to  their 
extent,  and  an  isolated  column  will  be  amply  protected  by  one.  It  follows,  moreover, 
that  a  column  need  not  have  an  unsightly  point  elevated  above  its  capital,  or  extreme 
termination ;  if  the  point  be  equal  in  height  to  that  of  the  extreme  capital,  electrical 
conditions  of  safety  will  be  fiilly  satisfied. 

Applying  these  remarks  to  the  column  represented  by  the  accompanying  diagram, 
Ihe  electrical  conditions  of  safety  may  be  readily  traced 
out.  liCt  A  represent  a  lump  of  metal,  C  an  intervening 
piece  of  masonry,  and  B  a  metal  railing  in  direct  electric 
eommunication  with  the  ground  by  a  specific  rod,  or 
some  casual  means,  such  as  the  iron  stair-rail  within. 
Provided  £ree  dispersive  power  were  given  to  the  lower 
end  of  the  iron  stair- rail,  or  other  conductor,  every  por- 
tion of  the  column  would  be  lightning-proof  except  the 
intervening  masonry  C,  which  being  an  imperfect  con- 
ductor, would  remain  in  extreme  danger.  Assuming  A 
to  be  struck  by  an  electric  fiash,  the  charge  would  rush 
across  the  masonry  C,  shattering  it  more  or  less ;  but 
the  charge  once  arrived  at  B,  would  rush  silently,  harm- 
lessly away.  In  order  to  insure  safety,  therefore,  to 
every  part  of  such  column,  it  would  have  sufficed  to 
interpose  metallic  connection  between  A  and  B.  Not 
the  slightest  advantage  would  accrue  from  elevating  an  * 
unsightly  spike  above  A. 

These  conditions  have  been  remarkably  violated  in 
the  Duke  of  York's  Column,  St.  James's  Park,  where  a 
spike  is  made  to  project  aloft  from  the  heal  of  his 
Boyal  Highness.  The  statue  looks  as  if  it  were 
transfixed;  thus  violating  the  dictates  of  science, 
abusing  art,  and  suggesting  ideas  of  an  impaled  malefactor. 

Blaiine  Zdghtiiing  Conductors.— It  wiU  be  readily  seen  that  a  permanently 
elongated  rod  of  metal  is  inapplicable  to  the  protection  of  ships,  in  which  the  necessitv 
for  elevating  and  lowering  the  masts  would  be  incompatible  with  this  arrangement. 
A  metalMc  chain  afibrds  a  more  practicable  substitute ;  although,  regarded  merely  in 
relation  to  power  of  conducting  electricity,  a  catenary  relation  of  parts  is  much  less 
efficient  than  a  continuous  unbroken  arrangement,  such  as  is  afforded  by  a  metallic 
rod;  moreover,  chains,  although  not  altogether  incompatible  with  the  mechanical 
•  Harris,  "  On  the  Nature  of  Thmiderstonns." 
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itrrAnpmiimtA  to  wHch  sJupa  are  Hmited,  are  exeeedinglj  mconvemcnt  SeTer- 
thekfli,  fmteriQr  to  tJie  adoption  of  ihe  permanent  marme  IIglitimig*GDiidiictoT  of  Sir 
W.  Snow  Harrijf  clioms  wetQ  ueed,  not  penna&entlj  attacbi^l  to  the  masts,  or  holding 
any  permaneixt  relation  to  tlic  rigging^  but  elevated  at  the  eeason  of  supposed  d^ger. 
The  objecdooa  to  {^xadu^tors  of  ihia  kind  will  readily  ha  anticipated.  Hot  only  wete 
ibejr  inapplicable  to  many  caaea  of  sudden  thunder-atorms,  but  their  erection  waa 
always  0  work  of  extreme  danger,  as  the  numcroua  accidents,  of  which  they  taY© 
been  the  direct  cauae,  will  abundantly  testify.  Addcrd  to  thia,  tho  fundamental  objec- 
^on  to  the  eatonary  arra&gemeiit^  and  it  may  be  doubted  whether,  viewed  impartially 
under  all  aspeota,  chain  lightning-eonduetors  ha?@  not  occasioned  more  accid^nta  tlian 
thtsj  eTer  pnivented. 

Sir  WUliam  Saow  Harris  has  imparted  to  marine  ccmductoTB  all  ite  advantage!  of 
tho«e  on  land  by  the  simple  expedient  of  inlaying  a  slip  of  copper  along  the  whole 
len^  of  sa&h  mast ;  and  the  copper  slips  of  each  mast  are  sa  arranged,  that,  under  sH 
amounts  of  ulevatian  or  dcprcaaion  ta  which  the  masta  are  subject,  the  metaUio  eontofit 
betwcon  the  adjacedit  (topper  atips  ia  inrariahly  preaonrcd. 

These  pormsncnt  marine  conduDtora  were  at  iirst  stroiigly  objected  to.     They  were 

assumed  to  attract  electricity  noedleasly ,  when, 
perhaps,  had  thoy  not  been  in  esisteuce,  light- 
ning would  uot  have  struck.  Moreover,  the 
plan  adopted  by  SirW*  S.  Harris  in  cstaMiEb- 
iog  connection  between  th  e  lower  port  of  Ma 
marine  cenductcrs  and  the  aea  myolye^  a 
ditx3ot  passage  of  the  copper  plate  through 
the  shipf  and  not  over  tbe  sides,  as  heretofore. 
This  plan  was  objected  to  m  dangerous  by 
putiBons  who  were  not  familiar  with  electrical 
laws.  No  danger,  howeifer,  can  arise,  pro- 
^ided  the  conductor  present  a  sufficient 
metallic  thoroughfare  to  the  electricity } 
otherwise  it  is  true;  under  favourable  coa- 
dltions,  a  trausverao  discharge  might  occur. 

As  regards  the  supposed  aUraclitm  cf 
lightning,  said  to  be  caused  by  conductoiSi 
this  ifi  not  strictly  true ;  the  lightning  iB 
not  attracted,  but  simply  offered  a  road, 
wherein  it  may  escape* 

The  follo^'ing  relation  of  a  lightning 
stroke  which  fell  on  H.M.S.  "  Gouway/^  w 
strikingly  iMustrat^s  this  propoaition,  iuti 
heafa  aueh  general  evidence  to  th&  valne  of 
permanent  marine  lightoing-conduotors,  Ihit 
I  t^uotf}  it  from  the  original  treatiae  of  Sif 
W,  S,  Harris :— • 

*^  The  ship  was  moored  in  the  harbour  of  Port  Louis,  in  the  lale  of  Francs.    The 
topgallant  masts  being  on  dock,  for  the  reAt  of  the  rigging,  a  small  boom  (not  hating 
tsif  oonductor  on  it)  was  set  up  at  the  main-topmast  head  as  a  temporary  flag-staffi  aa 
•  *'0a  pTD^ttfitiiitiof  3^lpsfir?mLiKbtQtB^."    London.    1S4T. 
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ahown  in  the  praoeding  cut  Undor  these  circumstances,  the  ship  was  strack  by  light- 
ning at  llh.  45m.  a.m.  of  the  morning  of  the  9th  of  March,  1846.  The  results  were, 
that  the  flagnrtaff  without  the  conductor  was  shattered  in  a  thousand  pieces,  but  only 
80  &r  as  the  point  N  at  the  head  of  the  topmast.  At  this  point  the  destruotiTe  action 
▼as  arrested ;  but  here  also  commenced  the  line  of  electrical  conduction,  K  «  «,  by 
▼hieh  the  whole  charge  was  carried  clear  off  into  the  sea,  covering  the  waves  on  its 
exit  from  the  side  of  the  ship  with  a  blaze  of  brilliant  light.  Nothing  could  be  more 
perfect  than  the  protectiTe  action  of  the  metallic  conductors. 

« It  is  important  to  remark,  as  a  confirmation  of  the  result  given  in  the  case  of  the 
'  Fisgard!  (similar  in  all  general  particulars  to  the  result  now  under  consideration), 
and  other  eases,  that  the  gunner,  at  the  time  of  the  disohargo,  was  sitting  in  his  cabin, 
immediately  under  the  beam  along  which  one  of  the  main  branches  of  the  conductor 
passed.  He  describes  the  effect  as  being  that  of  a  pistol  fired  at  him  close  to  his  head, 
which  so  startled  him  that  he  fell  back  on  the  arm-chest.  The  scuttle  being  open,  he 
observed,  at  the  same  instant,  a  brilliant  blaze  of  light  burst  from  the  ship's  side  upon 
the  water ;  but  experienced  no  sort  of  inconvenience  whatever.  It  is  important  to 
notice  this  fitct,  as  it  completely  disproves  the  assumption  that  efficient  lightning- 
conduetors  frequently  produce  lateral  discharges  upon  bodies  in  their  vicinity,  and 
that  persons  near  such  conductors  are  in  danger  of  being  destroyed."* 

Telocity  of  Elootziclty.— Until  the  year  1833  the  rate  of  velocity  with  which 
electricity  traverses  conducting  bodies  was  unknown,  although  many  philosophers  had 
appHed  themselves  to  the  task  of  investigating  this  point,  and  the  electric  current  was 
timed  in  ito  passage  through  several  miles  of  copper  wire.  The  time  of  entrance  and 
emissian,  however,  as  marked  by  the  accompanying  spark,  always  seemed  equaL  Even- 
tually the  idea  of  attempting  to  discover  this  rate  of  velocity  became  generally  aban- 
doned, for  what  hope  was  there  of  estimating  the  velocity  of  such  an  agent,  -seeing 
that  the  efforts  of  philosophers  must,  after  all,  be  restricted  to  the  limit  of  on  exten- 
sion of  wire  ?  It  is  otherwise  in  estimating  the  vdooity  of  light ;  here  we  have  the 
diameter  of  the  earth's  orbit  as  our  measure,  and  we  trace  the  subtle  element  through 
space  ftcfm  oilier  worlds  to  our  own.  But  all  investigations  as  to  the  velocity  of  elec- 
tricity are  necessarily  circumscribed  by  the  narrow  limits  of  our  own  planet ;  hence 
the  solution  of  the  problem  seemed  hopeless.  Professor  Wheatstone,  however,  having 
afpplied  his  mind  to  the  subject,  the  velocity  of  electricity  was  determined  in  a  manner 
no  less  fidrnple  than  beautifoL  He  reasoned  thus : — If  electricity  takes  time  to  travel,  a 
charge  transmitted  through  a  circuit  broken  in  two  points  caimot  appear  at  both  points 
at  once.  Such  a  conclusion  necessarily  follows  from  the  premises ;  there  is  no  alterna- 
tive. If  no  distinction  of  time  has  been  recognised,  this  circumstance  may  be  attri- 
butable to  imperfection  of  the  means  at  our  disposal  for  testing  the  £ict.  Professor 
Wheatstone,  therefore,  ap^ed  himself  to  the  discovery  of  more  delicate  means  of  in- 
vestigation than  philosophers  had  hitherto  employed,  and  ultimately  he  adopted  the 
following  happy  expedient : — Several  miles  of  insulated  copper  wire  being  wound 
round  a  disc  of  wood,  the  coils  were  so  arranged  that  certain  interrupted  portions  of 
them  corresponded  with  one  straight  line.    Now  each  interrupted  portion  would  neces- 

*  The  reader  who  is  desirouB  of  fiirther  studying  the  theory  and  practice  of  marine  lightning, 
conductors  may  consult  the  following  authorities : — "  Observations  on  the  Effects  of  Lightning  on 
Floating  Bodies."  4to.  London.  1823.  Harris.  "Bemarkable  Instances  of  the  Protection  of  cer- 
tain Ships  of  Her  Majesty's  Navy  firom  the  destraotire  eflbets  of  Lightning.'*  8yo.  London.  1847. 
Harris. 
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wnlj  correspond  with  an  dectric  spark,  on  passing  the  discharge  along  the  wire ;  and 
supposing  electricity  to  occupy  time  in  trayelling,  these  sparks  must  occur  successiyelj. 
Hence  the  proposition  resolved  itself  into  a  discoyery  of  some  means  of  estimating  the 
succession.  Mere  chronometric  obseryation  would  have  been  totally  inadequate  to  this 
end,  as  previous  experiments  had  demonstrated — some  other  plan  was  required. 

Now,  instead  of  viewing  the  sparks  directly,  they  may  also  be  viewed  as  reflected 
by  a  mirror.  If  reflected  by  a  mirror  at  rest,  no  point  would  have  been  gained ;  but 
provided  electricity  occupied  time  in  travelling,  some  evidence  of  this  might  be  antici- 
pated d  priori,  by  viewing  the  sparks  as  reflected  by  a  mirror  in  rapid  rotation,  for 
whilst  the  electricity  had  been  occupied  in  travelling  between  successive  portions  of  the 
wire,  the  mirror  would  have  been  performing  its  revolutions ;  and  having  reflected  one 
sp^k  at  a  determinate  angle  on  a  certain  part  of  the  screen,  it  would  have  reflected  the 
second  spark  at  another  angle  on  another  part  of  the  screen,  not  in  the  same  line  with 
the  first  point.  Therefore,  supposing  the  result  to  be  as  here  assumed,  and  which  is 
actually  the  case,  the  elements  for  calculating  the  velocity  of  electricity  under  the  con- 
ditions of  the  experiment  are  supplied ;  the  data  of  subsequent  calcidatipn  being  the 
length  of  wire  between  spark  and  spark,  and  the  velocity  of  the  revolving  mirror. 
Professor  Wheatstone  found  that  the  reflected  sparks  were  no  longer  in  the  same  line, 
but  supposing  them  originally  to  have  constituted  a  vertical  arrangement  *,  their 
reflected  images  assumed  the  form  of  a  letter  V  (C  •)• 

This  beautiful  result  demonstrated  two  points.  Firstly,  it  demonstrated  that 
electricity  does  not  pass  instantaneously  through  copper-wire ;  secondly,  it  demon- 
strated tiiat  electricity— whatever  may  be  its  real  nature— proceeds  from  the  two 
extremities  of  a  conductor  towards  the  centre  of  its  length  :  otherwise  the  reflections 
would  not  have  assumed  the  form  of  a  Y,  but  would  have  appeared  in  a  diagonal 
line  \. 

The  data  of  this  experiment  enable  us  to  arrive  at  the  conclusion  that  electricity 
either  travels  through  copper-wire,  of  the  diameter  used,  at  the  rate  of  about  300,000 
miles  per  second ;  or  double  that  rate,  according  as  we  adopt  the  theory  of  one  or  two 
electric  fluids.  At  the  lowest  estimate,  then,  it  cannot  travel  at  a  slower  rate  than 
300,000  miles  per  second,  whilst  light  travels  at  the  rate  of  less  than  200,000  miles  in 
the  same  time. 

Sleotiioal  Theosies. — In  discussing  the  phenomena  of  a  power  so  subtle  as  that 
of  electricity,  it  is  impossible  to  avoid  falling  into  the  language  of  theory,  even  though 
the  theory  itself  be  not  accepted  as  true.  Throughout  the  foregoing  pages  it  has  been 
endeavoiured  to  avoid  the  adoption  of  theory  as  much  as  possible.  Accordingly,  the 
duality  of  electric  force,  which  is  its  most  fundamental  quality,  has  generally  been 
indicated  by  two  letters,  A  and  B.  Occasionally  the  terms  vitreous  and  resinous  have 
been  employed,  also  the  terms  positive  and  negative ;  but  always  under  the  assurance 
of  their  conventional  use  merely,  and  without  assimiing  their  employment  to  involve 
any  theory.  It  will  be  necessary,  however,  in  the  chapter  on  galvanism  or  voltaic 
electricity  to  use  the  language  of  theory  more  generally  than  heretofore;  without  its 
adoption  as  a  gross  method  of  communicating  ideas  it  would  be  exceedingly  difficult, 
if  not  impossible,  to  expound  important  phenomena. 

Any  one  who  has  studied  the  phenomena  of  electricity  with  moderate  attention, 
cannot  have  failed  to  associate  with  this  agent  the  idea  of  a  fluid  physical  entity — of 
something  that  admits  of  being  collected  together  like  water  in  a  pond,  and  of  flowing 
on,  when  set  free,  like  water  in  a  river.  Hence,  the  term  electric  fluid  was,  very  early  in 
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the  histcxy  of  ib»  science^  adopted,  ind  was  long  accepted  as  the  representatiye  of  a 
real  phymeal  entitj. 

Bat  the  assumption  of  one  fluid,  except  under  certain  stipulations,  is  incompatible 
with  actual  phenomena.  We  hare  seen  electricit7  to  be  a  dual  force ;  that  one  kind 
of  electric  inflnenoe  cannot  exist  without  a  proportionate  amount  of  the  other  being  also 
brought  into  operation.  This  duality  is  a  fundamental  quality  of  electricity,  also  of 
magnetisni,  and  is  the  grand  distinction  between  them  and  the  force  of  grayitation. 
Two  theoriee  of  the  dectrio  fluid  have  been  adopted,— -one  by  Franklin,  the  other  by 
Du  Fay.  The  latter  philosopher  accounted  for  the  dual  manifestations  of  electricity, 
by  referring  them  to  the  operation  of  two  actually  distinct  electric  fluids— the  yitreous 
and  the  resinous. 

Franklin,  on  the  other  hand,  accounted  for  the  phenomena  on  the  assumption  of 
one  fluid  alone ;  and  as  this  fluid  was  present  in  excess  or  the  reyerse,  so  he  ima- 
gined would  be  the  electric  result.  So  long  as  a  body  held  its  normal  amount  of 
electricity  it  might  be  compared  to  a  hollow  air-yessel  in  which  the  aerial  charge  was 
neither  increased  by  compression,  nor  diminished  by  exhaustion ;— whereas  the  A  point 
of  electric  duality,  accordmg  to  Franklin,  may  be  assimilated  to  the  same  air-yessel  into 
which  an  additional  charge  of  air  had  been  condensed ;  and  the  B  point  of  electric 
duality  to  the  yessel  when  partially  depriyed  of  its  air  by  exhaustion.  Accordingly, 
Ihe  theory  of  Franklin  naturally  introduced  the  terms  po8itw$  and  negative  as  syno- 
nymes  of  the  vitreous  and  reeinoua  electricities  of  Du  Fay. 

It  would  be  futile  at  this  time  to  discuss  the  relatiye  merits  of  these  theories. 
Suffice  it  to  say  that  the  one  fluid  theory  is  incompetent  to  explain  yarious  electrical 
phenomena;  it  is  incompatible,  for  instance,  with  the  result  of  testing  the  interior  of 
an  electrified  cylinder  by  means  of  a  carrier-ball. 

The  two-fluid  theory  more  nearly  accords  with  the  facts  of  electricity  as  eyidenced ; 
bat  the  opinion  seems  gaining  ground  that  electricity  is  not  so  much  an  entity 
within  matter,  as  a  condition  of  matter,  and  that  its  effects  are  most  probably  refer- 
able to  an  assumption  and  subsequent  resolution  of  polarities.* 

The  adoption  of  this  yiew  yery  materially  explains  the  existence  of  a  seeming 
current,  as  a  simple  experiment  will  testify.  Let  a  series  of  cards  be  arranged,  as  indi- 
cated in  the  accompanying  ^^.^  ^^         ^X\  ^^  y^\ 

diagram,    under    which       ^^\^\^\a\    A\    A\ 

lation  to  themselyes.  If  the  first  pair  in  the  series  be  thrown  down,  all  the  others 
must  necessarily  follow;  and,  this  occurring  successiyely,  would  giye  rise  to  the  idea 
of  a  current. 

Without  adopting  any  theory  of  the  electric  fiuid— without  eyen  taking  for  granted 
the  existence  of  such  fluid  or  fluids — it  will  be  generally  conyenient  to  adopt  in  the 
section  on  galyanism  the  language  of  Franklin — ^to  consider  electricity  as  one  fluid 
entity,  and  thus  to  trace  the  flow  of  an  imaginary  current  in  one  direction  only.  It 
would  be  improper  to  close  this  branch  of  our  subject  without  stating  that  the  repudia- 
tion of  the  existence  of  a  8i>ecial  electric  fluid  or  fluids  is  warmly  adyocated  by  seycral 
philosophers,  especially  by  Mr.  Groye,  a  philosopher  whose  inyestigations  on  the  subject 

•  For  Boxne  highly  philosophic  speculations  on  electricity  considered  as  a  force,  the  reader  may 
consult  '*  Grove  on  the  C!orrelation  of  Physical  Forces.*' 
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of  olcctricity  and  its  alliances  are  so  well  known.  It  would  be  incompatible  with  the 
limits  of  this  treatise  to  reproduce  this  gentleman's  arguments ;  but  they  will  be  found 
in  his  "  Correlation  of  Physical  Forces." 

OftlTftnio  OK  Toltai^  Blectziclty.— Although  the  sources  of  electricity  in 
nature  are  numerous,  the  physical  experimenter  commonly  ayails  himself  of  two— 
friction^  and  voUaic  or  gahame  combination.  The  origin  and  history  of  the  latter 
are  as  follows :— In  the  year  1790,  Gahrani,  a  professor  of  anatomy  at  Bi^ogna, 
whilst  engaged  in  the  dissection  of  a  frog,  observed  the  animal's  legs  to  be  spasmodically 
flffbcted  when  their  crural  nerves  were  touched  in  a  peculiar  manner.  Subsequelitfy 
ho  found  that  the  result  could  be  rendered  still  more  manifest  by  employing  two  metals 
instead  of  one  (the  knife-blade)  for  estabUshing  contact.  He  found  that  zinc  and  silver 
were  especially  adapted  for  producing  these  contractions,  one  metal  being  brought  into 
contact  with  the  crural  nerve  of  the  frog's  thigh,  the  other  with  its  muscular  tissae. 
Speculating  on  this  curious  phenomenon,  Galvani  referred  it  to  electricity — a  si^position 
long  since  proved  to  be  correct.  He  imagined  the  source  of  this  electricity  to  be  the 
animal  itself,  and  that  the  metals  were  only  efficacious  in  affording  a  conducting 
channel  to  this  eleotricity.  A  further  exposition  of  the  theory  of  Gulvani  belongs 
rather  to  physiology  than  to  physico-chemistry;  but  an  outUne  of  it  is  as  follows:—- 
He  assumed  the  brain  to  be  a  source  of  electric  influence,  which  w^  distributed  to  all 
parts  of  the  body,  more  especially  to  the  muscles,  the  ultimate  febrils  of  which  he 
assumed  to  be  hollow,  and,  like  the  electric  jar,  capable  of  receiving  a  charge  by  reason 
of  its  two  opposed  surfiaces.  The  nerves  Oalvani  believed  to  have  the  function  of  elec- 
trical dischargers — ^that  they  effected  an  electric  communication  during  life  between  the^ 
internal  and  the  external  surfeMie  of  muscular  febrils,  and  thus  produced  the  electric 
discharge.  Finally,  he  believed  that  a  metal  might  be  caused  to  assume  ihe  fhnction  of 
a  nerve— namely,  to  effect  communication  between  the  electrically  opposed  sur&ces  of 
the  muscular  febrils. 

Any  theory  which  does  not  embraoe  all  the  known  phenomena  of  the  subject  to 
which  it  refers  must  be  evidently  unsound,  and  the  theory  of  Gtdvani  is  open  to  this 
remark.  Judged  even  by  the  evidence  known  to  Galvani,  the  theory  was  incomplete. 
It  failed  to  attach  importance  to  the  increased  muscular  effect  resulting  from  the  con- 
tact of  two  metals.  Moreover,  it  was  based  on  a  petitio  prineipii.  The  brain  had 
neither  been  proved  to  be  a  source  of  electricity,  neither  had  it  been  demonstrated  that 
the  muscular  febrils  were  hollow — nor  that  one  portion  of  a  muscle  was  a  non-conductor, 
other  portions  being  conductors ;  finally,  it  had  not  been  demonstrated  that  nervous 
matter  was  pre-eminently  endowed  with  the  quality  of  electric  conduction.  The 
extraordinary  nature  of  Galvani's  experiments  brought  several  investigators  into  the 
field,  and  amongst  them  several  opponents.  Some  of  these  denied  that  the  resolts 
were  in  any  way  refSBraUe  to  electricity;  others,  admitting  their  electrical  origin, 
referred  the  electricity  to  other  sources  than  that  indicated  by  Yolta.  Amongst  the 
former  was  Fabroni,  who  attributed  the  animal  contractions  to  Uie  effisets  of  heat  dere- 
lopod  by  oxidation  of  the  metals  employed.  Amongst  the  latter  was  the  celebrated 
Yolta,  who  attributed  tlie  electricity  to  metaUic  contact ;  and  if  he  did  not  strengthen 
Ms  own  ihecvy,  he  at  least  annihilated  those  of  Galvani  and  of  Fabroni,  by  demon- 
strating that  the  eleetrtcal  inlluenoe  might  be  increased  proportionately  with  an  inoreased 
number  of  metallic  reduplications.  He  took  discs  of  silver  and  sine,  or  copper  and 
sine,  arranged  them  vertically  in  pairs,  with  moistened  discs  of  flannel  between  each 
pair.    The  i^paratus  thus  generated,  manifested  powerfril  dectrical  effects,  and,  in 
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koMor  of  ite  diaoofwv  beeame  knoim  as  the  Voltaic  pile.  Although  the  structure  of 
this  inatmmentiras  diametrically  at  yarianco  with  the  theories  of  Galvuni  and  Fabroni, 
it  WIS  aoi  loM  at  Tarianoe  with  the  theorj  of  Yolta  himaell  It  has  been  stated  that 
the  instmmeat  <saB  only  he  bromght  into  activity  by  the  interposition  of  a  moistened 
cBbo  of  flaiiiiely  or  other  absorbent  matoridi,  between  each  pair  of  plates. 

Tke  thMTj  of  Toha  evidently  affords  no  rtiiomUe  of  this ;  and  it  is  still  more 
i]ieanp«tihl«  witii  the  fhot  hereafter  diaoovered,  that  the  interposed  moisture  must  bo 
of  a  kini  that  azerdses  some  ohomioai  effect  on  one  of  1^  motals.  Hence  thrco 
queslioaB  present  themselves  for  investigaition ;  they  are  l}iese : — (1).  Is  metallic  con- 
tact ft  sovuroe  ef  electrioal  power }  (2).  Is  the  electrical  power  from  mechanical  contact 
sided  by  ehsnieal  actioa  ?  (3).  Is  the  ekctrical  disturbance  referable  to  chemical 
tctioin  alone  > 

These  three  ^uestioiis,  variously  agitated,  have  been  prominent  topics  of  investiga- 
tioii  ever  siaoe  the  time  of  Volta,  and  have  entered  as  elements  into  all  subsequent 

theories  of  vdtaio  eoccitation.    These  tiieories  will  be  further  adverted  to  in  their  proper 

plaoe ;  meailtime,  it  may  be  desirable  to  state  here  that  the  theory  which  attributes  all 

tbe  resulting  dectrteal  excitement  to  chemical  action  is  that  most  usually,  if  not 

universally  accepted  at  the  present  time. 

AbAple  mad  OompoiukI  Toltaio  Combinations. — ^A  simple  voltaic  oom- 

MnatioB  is  tiist  in  which  the  smallest  number  of  parts  compatible  with  manifesting  the 

Toltaio  resi^  is  -employed.    For  example,  two  metals,  and  a  fluid  chemically  affecting 

one  of  them,  is  a  simple  voHaio  arrangement,  as,  in  like  manner,  is  a  metal  plaeed  in 

rdation  to  two  different  chemical  fluids,  each 

ezereisiBg  its  own  speciflo  action.    A  com- 

pomiA  voltsie  arrangement  is  one  consisting 

of  many  simple  arrangements  aggregated  into 

one  instniment.    l%us  a  sing^  piece  of  aino 

brought  into  mediate  or  immediate  contact  ^^  ^  ^^  2. 

with  a  piece  of  silver  or  copper,  and  both 

metals  immersed  in  a  liquid  capable  of  acting  chemically  on  the  sine,  constitutes  a 


Fig.  4. 


simple  voltaic  arrangement.     Tho  annexed  diagrams  fiirther  illustrate  this  point. 
Fig.  1  represents  a  simple  voltaic  arrangement  by  immediate  contact ;  Fig.  2  a  simple 
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Yoltaic  arrangement  by  mediate  contact ;  the  intermediate  substance  being  the  wires 
to  %o» 

Figures  8  and  4  represent  compound  arrangements  resulting  from  an  aggregation 
of  the  two  yarieties  of  simple  ones  preyiously  depicted. 

It  has  been  already  stated  that  the  language  of  Franklin's  one-fluid  theory  afibidi 
considerable  fiftcilities  in  the  description  of  voltaic  phenomena.  I  shall,  therefoie, 
unreservedly  adopt  it,  with  the  express  understanding  that  the  adoption  is  made  solely 
with  a  view  to  facility  of  description.  Speaking,  then,  according  to  the  lang^uage  of 
this  theory,  every  voltaic  arrangement  may  be  regarded  as  furnishing  the  conditions  of 
a  circuit  along  which  the  current  of  electricity  passes,  and  this  circuit  may  be  closed  oar 
broken,  llius  Fig.  1  represents  a  closed,  Fig.  2  a  broken  circuit.  Along  this  cironity 
whilst  dosed,  a  continuous  electric  current 
passes,  in  tension  proportionate  to  the  number 
of  combinations  simultaneously  acting,  in 
quantity  proportionate  to  the  area  of  metallic 
surface,  and  the  character  and  power  of  those 
^IT*  ^*  chemical  actions  which  are  associated  with 

the  activity  of  the  voltaic  combination.  It  is  desirable  to  acquire  settled  notions 
concerning  the  direction  of  this  eleotrio  current ;  and  a  simple  method  exists  of 
fixing  this  infbrmation  in  the  mind  : — I%e  eurrmt  posset  from  the  metal  su^feei  to  greatest 
ehimieml  aeHon  to  the  lipiid^  thence  to  the  secondmetaly  and  so  forward.  Now,  in  a  voltaic 
combination  of  zinc,  copper,  and  dilute  sulphuric  acid,  the  metal  chiefly,  indeed  entirelj, 
acted  upon  is  zinc ;  therefore,  according  to  the  rule  just  laid  down,  tiie  cuii^it  shonld 
pass  from  the  lino  to  the  dilute  acid,  thence  to  the  copper.  .  It  does  so — in  short,  the 
rule  is  never  violated ;  hence,  being  remembered,  it  defines  the  direction  of  electridtj 
in  all  voltaic  arrangements,  however  complex  their  several  ,'parts  may  be.  Much  ooa- 
frision  of  language  has  arisen,  and  considerable  difficulties  have  been  imparted,  by 
departing  from  this  simple  rule  of  guidance,  and  applying  the  terms  positive  or  negatife 
as  absolute  instead  of  relative  designations.  Fnun  a  consideration  of  what  has  been 
said,  the  starting  point  of  electricity,  in  every  voltaic  arrangement  consisting  of  copper, 
tine,  and  dilute  sulphuric  acid,  must  be  zinc,  tchere  that  wtetai  is  in  eoniaet  wUh  thefhtd. 
Qonce  thia  may  be  termed  the  hegmmmg  of  a  voltaic  arrangement ;  but  the  zinc  ctn 
only  impart  electricity  by  losing  electricity — therefore  zinc  is  the  positive  metal  in  sach 
a  battery,  although  constituting  the  n^ative  end  or  pole  of  the  battery.*  This  will  be 
evident  on  the  slightest  reconsideration  of  the  parts  of  which  a  voltaic  battery  is 
oompoecd. 

Another  source  of  conAision  has  arisen  in  applying  the  terms  positive  and  negatife 
to  the  extr«mities  or  polos  of  voltaic  arxangemcnts,  owing  to  the  diiS^ent  theoriee 
prevalent  in  ration  to  the  cause  of  voltaic  energy.     Thus,  Yolta  himself;  as  I  baye 

bcio(«  stati^  attributed  this  energy  to  metallic  contact  alone.    Hence, 1 

acvooiing  to  his  views  the  simplest  possible  combination  of  zinc  and    I 1 

copper  would  happ  been  as  follows  :— 


Reduplicating  theK"  simple  arrangements,  Yolta  arrived  at  his  compound  pile,  which 
i$  rcpre^pntc^l  on  the  fv^lU^wing  pa§t\ 

In  this  arRmjJTt'^mont  the  cli\  trio  current  traverse*  vtp^ards ;  consequently  the  xinc 
end  v\r  Iv^le  of  the  pile  is  pc«itip\  and  the  cc»pper  end  nesraUTe,  But  supposing  Volta's 
tV.twnr  tv>  K>  in<»rrect — suppc«in«r  the  electric  foive  net  to  originate  from  metallic  con- 
tvt>  but  ftvua  cbemieal  action*  tSien  it  follows  that  the  extivme  plates  of  the  arrange- 
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Bent  msf  be  lemoyed  without  prejadioe  to  the  result,  when  the  copper  end  would 
become  pontile  ind  the  sine  end  negative.  If  the  fBuot,  however,  be  alwayi  remembered 
that  the  deotrie  ouzxent  passes  in  the  manner  already  described,  no 
ambiguit J  oaa  arise. 

The  statement  has  been  ahready  made  that  the  tension  of  elec^ 
triehj  developed  from  a  voltaic  battery  is,  eeimii  parihuy  in  pro- 
portioii  to  the  number  of  combinations ;  hence  it  follows  that  in 
proportioii  as  the  number  of  combinations  is  great,  so  do  the  results 
of  voltaio  deotridty  resemble  more  those  produced  by  frictional 
electrioity.  This  fiust  is  strikingly  borne  out  by  every  phase  of 
Toltaic  mani^BStation.  A  battery  consisting  of  only  a  few  pairs  of 
kige  platea,  and  which  gives  rise  to  the  most  stupendous  physical 
oflBbcts  ■■  eneh  as  tiie  ftunoa  of  platinum  bars,  of  day,  &c. — is 
incapable  of  giving  the.  electric  shock,  deflecting  an  electrometer, 
or  imi^at'tig  in  any  manner  the  results  of  fnctional  electricity.  Provided,  however, 
a  sufficient  number  of  oombinations  be  aggregated,  the  ends  of  the  poles  of  such  a  com- 
bination axe  able  to  a£bot  the  electrometer,  and  thus  the  kind  of  influence  proper  to 
each  pole  may  be  determined.  Since  the  discovery  of  the  galvanometer,  however,  an 
instroment  which  will  be  described  further  on,  a  far  more  practicable  means  exists  of 
detennining  tiie  quality  of  electricity  proper  to  each  end  of  a  voltaic  battery. 

Sff»«ts  off  TolUdc  Sloctiioity.— These  may  be  convenientiy  divided  into 
phjTsiologioal,  electrical^  chemical,  and  magnetic. 

The  pkjfMogieal  effiscts  of  voltaic  electricity  chiefly  refer  to  the  production  of 
invofamtary  muscular  contractions,  and  of  shocks  similar  to  those  produced  by  a  Leyden 
jar.  The  kind  of  battery  best  adapted  for  this  class  of  experiment  is  one  composed  of  a 
large  number  of  series— not  less  than  two  hundred— but  the  individual  size  of  each  of 
the  series  need  not  be  large,  nor  is  it  necessary  to  employ,  for  exciting  the  apparatus, 
a  chemical  mixture  of  great  strength.  The  most  convenient  form  of  construction  for  a 
battery  of  this  kind  will  be  made  apparent  hereafter,  when  the  difSarent  existing 
varieties  of  voltaic  apparatus  are  explained ;  and  the  physiological  agencies  of  voltaic 
influence  being  remote  from  chemistry,  the  fbw  remai^  already  made  under  this  head 
will  suffice. 

The  electric  effects  of  voltaic  energy  resemble  those  produced  by  the  ordinary 
machine,  more  closely  as  the  number  of  voltaic  combinations  is  greater ;  the  similarity 
of  effects,  in  other  words,  is  proportionate  to  the  number,  without  reference  to  their 
size.  When  the  combination  is  sufficienUy  numerous,  all  the  effects  of  frictional 
electricity  may  be  produced,  and  conversely,  as  Dr.  WoUaston  has  shown,  all  the 
effects  of  voltaic  energy  may  be  produced  by  employing  frictional  electricity  with 
certain  necessary  precautions.  The  determination  of  these  points  was  very  necessary, 
in  order  that  the  identity  of  voltaic  influence  and  electricity  might  be  established.  At 
present  the  identity  is  demonstrated  beyond  all  controversy. 

Although  the  electrical  effects  of  voltaic  arrangements  may  be  accomplished  by  the 
ordinary  machine,  yet  the  variation  as  to  degree  between  these  classes  of  effects  is  so 
Tery  great,  that  certain  phenomena  may  be  practically  considered  as  belonging  especially 
to  tiie  effects  of  voltaism. 

Combiution  and  Incandescence. — In  the  section  of  frictional  electricity,  the  power  of 
that  agent  in  effecting  combustion  of  substances  under  given  conditions  was  shown. 
The  result  was  demonstated  to  be,  ceteris  paribus^  proportional  to  the  obstruction  opposed 


244  TOLTAIG  OOXBCSncm  ASTD  VSCAKVBKKSCE^ 

U>  the  etectrical  gnrreiil  in  its  piwjigi. ;  hence,  ite  coaJniative  fefibrtg  w«e  Iimiled,'wftr 
as  lelates  to  etnidiKton,  to  tintt  kmn^  a  snaB  sectkofll  aroL  Theqaanti^'ofdeeCii' 
cit]^  capable  oTgeneratifOii  in  a  gtrm  tnoae  from  oar  largest  moltair  Mangeonnty  if 
greater,  bejond  all  calculable  proportioiL,  than  tliat  from  onr  largest  electeic  mmAiam}  \ 
bence,  the  coinbtBtiTvetfecte  Off  tbe  Toltaie  battery  are  Tcry  brilfiaBt.  | 

A.  few  experiments  wsty  now  be  gireii  mfieatife  of  tlie  dnef  pfceiMnuuiM  of  fultuc  -4 
combustion  and  incaBdescence.  As  a  special  dtsulptlon  of  tbe  praeticsl  eonatraetiQii  j 
of  Tfjtaic  batteries  will  be  deferred  to  a  fortber  part  d  tins  seetkm,  it  is  deriiaiUe  tor  | 
state  that  tbe  best  kind  of  battery  for  derelopin^  tbe  efl&ets  pRsenOy  tv  be  detailed^  is 
the  inventioii  of  ]SCr.  Orore.  Of  all  Ilbowu  arrangements,  tfios  battery  evulvui  fte  , 
greatest  amount  of  Toltalc  inflnenoe  in  a  gifen  time,  and  from  giren  dimensions.  A  i 
minute  description  of  Grovel's  battery  will  be  giren  beteafker;  meantimeit  is  i 
to  state  that,  amongst  odier  yariations  from  ^be  materiids  of  tim  Ti^taie  i 
already  noticed,  there  is  the  important  one  of  sidistitnting  ]datmnm  for  eofper. 

For  the  first  experiment,  the  deflngraiwn  of  ineUUKe  fo^,  it  is  desirable  to  fffofide  a 
polished  metallie  plate,  about  Z\  inehes  wide  by  12  or  15  kmg,  and  scddeied  at  one 
extremity  to  the  positire  wire  or  pole  of  the  yoltaic  battery ;  indined,  when  VBe^ 

by  any  eonvemenC  support  at  an  ss^^  (A 
about  45^  The  metslMe  foil  ^to  be  de^ 
flagrated  isnow  attached  to  the  extremity 
of  the  negative  wire,  and  bwmgM  into 
eontact  with  the  plate^  Bbfiagration  will 
immediately  ensne,  if  the  battery  be  in 
good  working  condition ;  but,  in  order  tft 
secure  its  equable  continuance,  liie  fA 
requires  to  be  brought  into  eontaet  witb 
different  portions  of  the  metallie  scrftce^ 
inasmuch  as  the  deflagration  being  ftt> 
tended  with  oxidation  of  the  meta^  dnllfl 
the  plate,  and  thus  preyents  good  metalfie 
contact.  In  these  and  similar  eases  of 
voltaic  combustion,  the  amount  of  effect  is  proportional  to  the  amount  of  electrieitj 
which  passes,  and  this  is  proportional,  chemical  action  being  equal,  to  the  sise  of  the 
plates,  independent  of  their  number ;  but,  on  the  other  hand,  a  certain  amount  of  in' 
tensity  requires  to  be  given  to  the  voltaic  influence  in  order  to  enable  it  to  force  its 
way  through  any  badly  conducting  body  which  may  lie  in  its  path.  For  example, 
referring  to  the  last  experiment,  it  would  be  found  that  if  a  voltaic  combination  of 
only  one  pair  of  plates  had  been  used,  the  resulting  influence  would  scarcely  have  been 
able  to  force  its  way  through  the  superficial  coat  of  dulness  which  coUeots,  owing 
to  oxidation  and  other  causes,  on  tbe  surface  of  all  metals.  By  increasing  the  number 
of  combinations  to  five  or  six,  the  degree  of  intensity  is  imparted  necessary  to  over- 
come those  casual  obstacles.  Still,  even  under  the  latter  circumstances,  so  feeble  is  the 
tension  of  the  passing  electricity,  so  slight  its  endeavour  to  escape,  that  the  conduct' 
ing  wires  of  tho  battery  may  be  handled  without  communicating  a  shock  to  l^e 
operator,  and  without  dissipating  the  voltaic  current  which  is  passing.  Frequently 
the  prosecution  of  experiments  with  voltaic  electricity  of  weak  tension  is  facilitated 
by  amalgamating  the  metallic  bearings,  by  which  treatment  absolute  metallic  contact 
is  insured.     For  extemporaneous  dispositions  of  apparatus,  this  treatment  is  sometimes 
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denrmUe ;  but,  geaenlly  quaking,  recourse  ahould  not  be  liad  to  the  expedient  in  initru- 
mesti  of  otetly  nature  and  limited  power  of  aoeommodation  between  their  points  of 
a^iHtmflut  Amfklgamatioft,  in  tkc  latter  case,  rapidly  destroys  the  bearing  surface, 
and  tbos  ike  instrament,  although  more  powerful  at  first  than  it  would  have  been  had 
mennry  Bot  been  used,  is  rapidly  destroyed.  VThilst  performing  the  deflagration  of  yari- 
ous  metala,  the  eKperimenter  will  observe  each  metal  to  bum  with  eTolution  of  its  own 
pec«liar  Hi^  QM  leaf  eyolyes  a  bluish-white  light,  crumbling  into  a  dark-brown 
onde ;  bUtw  yidds  a  light  of  an  cmerald-grecn  colour ;  copper  bums  with  a  bluish- 
▼bite  light,  attended  with  the  evolution  of  sparks ;  lead  evolyes  a  purple ;  and  zinc 
a  briQunft  white  Ught  iiciining  to  blue,  and  fringed  with  red. 

Th0  deflagration  Df  steel  wire,  which  required  such  considerable  power  of  frictional 
electricity,  may  readily  be  Accomplished  by  means  of 
Tohaic  isflnenoe,  even  with  a  battery  of  small  dimen- 

The  best  way  of  conducting  this  experiment 

in  eatoVlishing  contact  between  the  steel  wire 
and  a  ou£iee  of  mercury  in  loommunioation  with  the 
negatiye  ^end  of  a  yoUaic  battery,  as  represented  by  the 
aoeompaaying  diagrauL 

Bahatitttting  other  metallic  wires,  each  metal  will 
be  aeeon  to  have  its  own  measure  of  voltaic  combusti- 
bility ;  and  on  referring  to  a  list  of  conductors,  azrangod 
according  to  their  conducting  power,  it  will  be  found 
that  the  metal  which  conducts  electricity  least  per- 
fectly is  the  most  easily  deflagrated.  This  result  is 
eoaamiant  with  what  we  have  already  seen  in  our 
inyeatigations  of  frictioaal  electricity. 

By  anraaging  two  metsUic  bars  as  represented  in  the  diagram,  the  relaiaye  difference 

...of  combustibility  subsisting  between  dif- 
KT  ^^  ferent  metallic  wires  of  equal  size  may  be 


readily  ^^preciated.  Supposing  platinum 
wire  to  he  stretched  across  these  slanting 
metallic  bars  ia  contact  with  both,  at  the 
point  represented  in  the  diagram,  and  to 
become  barely  incandescent,  then  silver 
wire,  ia  order  to  be  made  iacandescent 
to  the  same  ext^t,  must  be  held  firm 
4own  in  contact  with  the  bars,  at  a  point 
where  the  distance  between  them  is  less, 
as  represented  at « ;   and  the  difference 


between  ihe  len^  of  siiver  wire  aiid  tiie  bngth  of  platinum  wire— thus  rendered 

equally  ineandesoent  by  the 

asme  battery-power— -may    -|"A^r  f/— 

be  eonaidered  proportionate 

to  tiie  respectiye  capadtiea 

of  silirer  and  platinum  for 

conduetiag  eleetridty. 

A  very  elegant  way  of 
dentonstratang  the  fact  deduced  from  the  last  experiment  is  as  follows  :• 


-Procure  some 
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pieces  of  platinum  and  silver  wire  of  equal  dimensions,  and  twist  their  ends  together  in 
such  a  manner  that  a  compound  arrangement  may  result;  and  suspend  the  comhina- 
tion  by  either  end  from  the  terminal  wires  of  a  yoltaic  battery  in  action.  If  the 
dimensions  of  the  wire  be  correctly  apportioned  to  the  power  of  the  battery,  all  the 
silver  lengths  will  remain  obscure,  whilst  all  the  platinum  lengths  are  illuminated. 
The  experiment,  if  performed  in  a  darkened  apartment,  is  very  striking. 

The  most  brilliant  effect  of  voltaic  combustion,  or  rather  incandescence,  results 

from  causing  the  influence 
to  pass  between  two  charcoal 
points,  attached  respectively 
to  either  terminal  wire  of  a 
voltaic  battery. 

When  the  apices  of  two 
conoidal  pieces  of  charcoal 
are  brought  into  contact,  after  having  been  attached  to  the  terminal  wires  of  a  voltaic 
battery  in  operation,  as  represented  in  the  accompanying  diagram,  a  vivid  spark  appeani, 
and  the  charcoal  points  immediately 
assume  a  most  vivid  state  of  ignition, 
without  suffering  combustion  at  all  pro- 
portionate to  the  light  evolved ;  indeed, 
if  the  charcoal  points  be  immersed  in  oil, 
in  water,  in  vacuo,  or  in  hydrogen  or 
nitrogen  gases,  the  same  brilliant  light, 
slightly  modified,  is  evolved — a  fact  which 
sufficiently  proves  the  phenomenon  not  to  be  entirely  referable  to  ordinary  chemical 
combustion.  If  the  battery  employed  for  the  performance  of  this  experiment  be  of 
adequate  strength,  the  charcoal  points  may  be  separated  considerably  from  each  other, 
when  a  broad  and  vivid  arc  of  flame,  possessing  extraordinary  heating  power,  joins 
the  two  charcoal  points ;  and  the  most  infusible  bodies,  when  placed  within  the  limits 
of  this  arc,  are  either  fused  or  dissipated  in  vapour. 

All  charcoals  do  not  answer  equally  well  for  this  experiment ;  the  facility  of  incan- 
descence being  almost  directly  proportionate  to  the  density  of  the  charcoal.  Hence 
that  resulting  from  the  destructive  distillation  of  box- wood  or  lignum  vitse  is  the  best 
that  can  be  made  from  wood.  It  is  necessary,  also,  that  the  charcoal  be  thoroughly 
well  burned — for  which  purpose  the  box- wood,  or  lignum  vitse,  may  be  imbedded  in  a 
crucible  full  of  sand,  and  exposed  to  an  intense  furnace-heat. 

The  best  sort  of  carbonaceous  matter  for  the  purpose  is  made  by  burning  a  mixture 
of  sugar  and  powdered  coke. 

The  light  developed  from  such  incandescent  charcoal  points  is  so  intense,  and  the 
primary  colours  are  so  well  mingled,  that  it  would  seem  admirably  adapted  fbr  purposes 
of  illumination.  All  attempts,  however,  hitherto  made  in  this  direction  have  practically 
failed,  chiefly  on  account  of  the  intermittent  nature  of  the  light — a  consequence  of  the 
gradual  destruction  of  the  charcoal  terminals,  and  the  ever-varying  contact  resulting. 
Some  ingenious  mechanical  contrivances  have  been  adopted  to  remedy  this  latter  defect; 
and  a  certain  amount  of  regularity  of  incandescence  has  been  gained  by  employing  the 
dense  artificial  carbon  of  sugar  and  coke :  the  objection,  however,  has  not  been  over- 
come. If  the  electric  light  should  be  rendered  intermittent,  the  economy  of  its  applica- 
tion would  constitute  the  next  point  for  determination.     It  would  be  necessary  to 
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employ  a  battery  of  such  kind  that  the  product  of  solution  going  on  within  it  should 
be  commercially  available ;  and  the  proceeds  of  its  sale,  together  with  a  fair  remu- 
neration for  the  light  evolved,  should  cover  the  total  expense  of  apparatus,  wear  and 
tear,  and  mperintendence. 

Th$  ehitmctU  mfftnciea  of  voltaic  electricity  are  very  remarkable.  Their  discovery 
was  first  made  in  this  country ;  the  development  of  their  laws  is  also  chiefly  due  to  our 
own  philosophen ;  and  perhaps  the  most  brilliant  discovery  ever  made  in  chemistry 
▼as  the  Tesnlt  of  tuccessfiilly  applying  them— I  allude,  of  course,  to  Davy's  master- 
disoovery  of  potassiam  and  sodium. 

The  first  chemical  agency  of  the  voltaic  battery  which  came  under  the  notice  of 
philoflophers  was  the  decomposition  of  water.  This  discovery  waff  made,  in  the  year 
1800,*  by  Messrs  Nicholson  and  Carlisle,  who,  operating  with  a  common  voltaic 
pile^  oompoeed  of  zinc  and  copper  pairs,  with  moistened  flannel  between,  perceived  the 
odour  of  hydrogen  gas.  They  naturally  assumed  that  the  hydrogen  thus  liberated  must 
oome  from  the  water  employed  to  moisten  the  plates,  and  that  the  decomposition  of 
water  muat  be  referable  to  the  agency  of  the  pile.  Prosecuting  their  inquiries,  these 
philoeophennext  tried  the  effect  of  passing  the  voltaic  current  through  water,  causing  it 
to  fimn  part  of  a  circuit,  whereupon  they  demonstrated  the  correctness  of  their  previous 
supposition — water  was  decomposed ;  and  by  slightly  varying  the  form  of  apparatus, 
hydrogen  and  ooEygen  gases  were  separately  collected. 

The  accompanying  woodcuts  illustrate  the  means  of  performing  both  these  experi- 
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ments ;  Fig.  1  referring  to  an  arrangement  by  means  of  which  water  is  decomposed, 
and  its  constituent  gases  collectively  obtained;  Fig.  2  to  a  modification  of  that 
apparatus,  by  means  of  which  the  two  gases  may  be  obtained  separately. 

The  preceding,  and  all  other  decomposing  effects  of  voltaic  electricity,  take  place  in 
imperfectly-conducting  bodies,  in  which  the  electric  current  meets  with  a  certain 
amount  of  impediment  during  its  flow.  The  obstruction,  however,  requires  adjust- 
ment, in  order  that  the  operation  may  succeed.  Certain  bad  conductors  require  to  have 
their  conducting  powers  increased  in  order  that  energetic  decomposition  may  take  place. 
Water  ia  of  this  kind.  Considered  in  relation  to  electricity  of  high  tension,  such  as 
that  produced  by  the  ordinary  electrical  machine,  water  is  a  very  good  conductor ;  but 
considered  in  relation  to  voltaic  electricity  of  low  tension,  it  is  not.    If,  therefore,  the 

•"Phfl.  Mag.,'*  ▼11.;  and  "  Nicholson's  Journal,"  4to,  iv.,  1831.  Subsequently,  the  chemical 
effeets  of  voltaic  electricity  were  more  accurately  examined  by  Hisinger  and  Berzelius  (»» Gehlen's 
Journal,"  L  115). 
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battery  do  not  consist  of  a  great  number  o€  plates^  tbe  decompositioii  of  water  will  not 
readily  be  accomplished,  without  increasing  the  conducting  power  of  that  liquid.  Tlus 
is  usually  effected  by  the  addition  of  a  little  acid,  or  common  salt. 

When  the  decomposition  of  water  is  effected  in  an  apparatus  whidi  admits  of  the 
two  gases  being  evolyed  and  collected  separately,  it  will  be  readily  observed  that  the 
hydrogen  is  inyariably  liberated  from  one  e&d  of  the  battery,,  oxygen  from  the  otiter. 
It  will  be  seen,  moreoyer,  that  hydrogen  inyariably  corresponds  with  the  negative, 
oxygen  with  the  positiye  end  :  the  question,  then,  naturally  arises,  why  this  appsrent 
election?  The  question  inyolves  an  important  theory  of  chemical  combination, 
proposed  by  Davy,  and  called  the  eketro-ehemieal  theory. 

Accepting  the  Voltaic  decomposition  of  water  as  the  starting  point  oi  farther 
inyestigations,  and  extending  the  obseryation  of  parallel  experiments  to  other  «aBes,  it 
will  be  found  that  the  decomposition  of  compounds,  when  submitted  to  the  agency  of 
yoltaic  power,  is  general,  not  special.  Not  alone  is  it  exercised  on  water,  but  the 
decomposition  extends  to  numerous  other  compounds.  The  function,  however,,  is  not 
extended  to  aH  chemical  compounds ;  and  therefore,  though  general,  is  not  imiyenal, 
as  Dayy  imagined  it  to  be.  Any  theory,  then,  which  associates  with  an  entiee  range  of 
phenomena  of  one  class  a  function  only  haying  reference  to.  a  jmrt  of  Ihem,  must  neces- 
sarily be  defectiye.    The  electro-ohemioal  theory  ol  Dayy  is  in  this  positkA.. 

The  chemical  decompositions  resulting  from  yoltaic  influence  led  this  philosq^iber  to 
imagine  that  electrical  attraction  and  chemical  affinity  were  identical ;,  and  he  applied 
some  of  tbe  fundamental  laws  of  electricity  to  an  explanation  of  the  chemical  union  of 
bodies,  and  their  subsequent  decomposition  by  voltaic  energy. 

Perhaps  the  electro-chemical  theory  of  Davy  will  be  rendered  more  intelligible 
if  our  investigations  be  limited,  at  first,  to  one  specific  case.  Taking,  then,  water  as 
our  material  of  investigation,  it  is  composed  of  two  elements— oxygen  and  hydrogen. 
When  decomposed,  oxygen  invariably  liberates  itself  at  the  positiye  end  or  pole  of  the 
yoltaic  arrangement,  and  hydrogen  at  the  negative  end  of  the  same.  Now,  0}4>ositel7 
electrified  bodies  attract  each  other ;  therefore  if  we  assume  hydrogen  to  be  endowed 
with  positiye  electricity,  it  should  be  attracted  towards  the  negative  end  or  pote  of  die 
battery ;  and  vict  vera&y  if  we  assume  oxygen  to  be  endowed  with  negative  electricity, 
it  should  be  attracted  towards  the  positive  pole  or  end.  And  this  is  what  Davy  imagined 
to  be  the  case.  He  imagined  all  elements — and,  indeed,  all  substances  generally— 
capable  of  taking  part  in  chemical  combinations,  to  be  endowed  by  nature  with  one 
definite  kind  of  electricity ;.  and  that  two  molecules,  or  aggregates  of  molecules^  having 
opposite  electrical  states,  being  brought  in  contact,  imder  favourable  conditions^  wosld 
combine  and  form  a  chemical  compound.  Hence,  according  to  this  phUasopher, 
chemical  affinity  is  for  molecules  that  which  frictional  electricity  is  for  masses,,  a  dual 
force,  capable  of  penetrating  matter,  and  each  function  of  duality  mutuidly  aiiradiyc 
of  the  othar.  These  premises  being  granted,  it  should  IbUow  conversely,  Xbx^  if  clee- 
trical  power  of  one  definite  strength  accomplishes  chemical  union  of  particies^  the 
^plication  of  deotrical  power,  having  greater  strength,  should  separatte  thoeeparticlei; 
and  this  is  the  explanation,  according  to  Davy,  of  what  occurs  when  water  is  decwupceed, 
oxygen  being  attracted  to  the  positiye  pole  with  a  stronger  attraction  than  that  ejieixawd 
by  the  associated  hydrogen,  and  vice  versA. 

Extending  these  decomposing  effects  of  yohaio  energy  to  yarions  ohemical  eom* 
pounds,  it  was  foimd  that  metals— inflammable  substances  in  general — the  BlkaHes, 
earths,  and  oxides  of  the  common  metals,  were  liberated  at  the  negative  pole ;  whflrt 
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oxygen,  chloiiBe,  ind  the  adds,  went  oyer  to  the  opposite  extremity.  It  was,  moreoyer, 
obserred  thst  the  pole  or  extremity  from  which  an  element  or  a  compound  was  liberated 
from  one  combination,  was  the  same  for  all.  * 

During  a  modifioation  of  these  experiments  it  was  that  Sir  H.  Bayy  made  his  dis- 
ooyeries  relatiy«  to  the  bodily  transference  of  certain  materials  when  exposed  to  yoltaic 
decomposition.  He  commenced  these  inyestigations  by  trying  what  would  be  the 
resnlt  of  ooimeoting  two  glasses  containing  water,  by  some  capillary  substance,  such 
as  amiaiillHis,  and  subjecting  tiie  water  in 
either  glass  to  Tohaic  agency. 

Under  these  circumstances  he  found 
that  deoompoeition  ensued  as  before — 
oxygen  gas  appearing  at  the  positiye  end, 
and  hydrogen  gas  at  the  other.  He  next 
TBiied  the  experiment  thus :  —  To  the 
negatiye  cup  a  solution  of  sulphate  of  potash  or  soda  was  poured,  and  into  the  positive 
eup  diflfiDed  water ;  both  cups  'were  now  connected  by  means  of  some  filaments  of 
amianthns,  and  yoltaic  electricity  x>aseed.  Under  these  ciicumstances  the  liquid  in 
the  negstiye  cup  became  alkaline,  and  the  liquid  in  the  positive  cup  acid.  When 
the  original  disposition  of  liquids  was  reversed,  the  saline  solution  being  contained 
in  the  negative  cup,  and  water  in  the  positive,  the  same  ultimate  result  occurred. 
Again,  mutual  transfBr  was  effected  when  distilled  water  was  poured  into  the  two 
terminal  oups,  and  a  saline  solution  in  the  middle  or  interposed  cup,  the  three  cups  being 
conDected  1^  moistened  amianthus. 

But  the  most  extraordinary  phenomenon  in  relation  to  the  voltaic  transfisr  of  bodies 
notioed  by  Davy  was  the  transmission  of  one  body  through  another,  the  two  possessing 
a  mutual  affinity  without  combination ;  as,  for  example,  the  passage  of  an  acid  through 
a  free  alkaline  solution,  or  the  reverse.  The  three  cups  being  arranged  as  before,  a 
solution  of  sulphate  of  potash  was  poured  into  the  negative  cup,  distilled  water  into 
the  positive  cup,  and  a  weak  solution  of  ammonia  into  the  cup  between,  in  such  « 
manner  that  no  sulphuric  acid  could  arrive  at  -f-)  without  permeating  the  interposed 
ammoniaeai  liquor.  Dispositions  being  as  thus  stated,  and  the  battery  being  put  into 
activity,  fi«e  acid  appeared  at  l^e  positive  pole.  In  like  manner,  hydrochloric  and  nitric 
acids  were  caused  to  pass  through  strong  alkaline  solutions ;  and,  reversing  the  oondi- 
tions,  alkalies  were  transmitted  through  acids. 

It  is  impossible  not  to  associate  the  idea  of  attraction  wit&  the  results  detailed  in 
the  previous  experiments ;  and,  accordingly,  the  electro-chemical  theory  of  Davy 
asromed  deotrioal  attraction  of  molecules  to  be  identified  with  affinity.  He  assumed 
tiie  total  dual  influence  of  the  voltaic  pile  to  be  concentrated  in  its  two  ends  or  poles, 
and  antved  at  the  conclusion  that  all  compounds  might  be  resolved  into  successive 
binary  groupings,  by  exposing  them  to  the  influence  of  sii^ciently  powerful  voltaic 
attraoticm.  The  theory  is  simple  end  fiEWoinating ;  it  is  based  on  extensive  observations 
and  large  generalizations ;  it  cannot,  however,  be  accepted  to  the  fiill  extent  claimed 
by  Davy,  for  reasons  to  be  mentioned  hereafter.  Nevertheless,  despite  aU  modifica- 
tions which  t&is  theory  has  received  at  various  hands,  it  contains  within  itself  an 
amount  of  verisimilitude,  if  not  actual  truth,  incompatible  with  its  total  rejection. 
Modified  in  some  form  or  other,  it  has  been  adopted  by  all  chemical  philosophers  since 
the  time  of  Davy,  and  still  affords  a  means  of  classifying  chemical  bodies  into  eleetro' 
positwet  and  elech'o-nepatwea. 
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I'hilrHK^phers  now  Agree  that  the  decomposition  of  chemical  compounds  by  the  yoI- 
ialfi  bftttciy  i«  not  caused  by  polar  attractions ;  that  the  appellation,  pole,  as  applied  to 
the  metallic  terminals  of  a  vifttaic  combination,  involves  fEdse  views,  and  that  the 
transmifftion,  by  voltaic  influence,  of  acids  across  alkalies,  and  vice  vertd,  follows  as  a 
necessary  consequence  of  the  affinity  between  the  two.  For  a  determination  of  these 
facts,  we  are  indebted  to  Professor  Faraday. 

Tayaday's  Biodiflcations  of  tbe  Polaz  Theozy  of  Voltaic  Combinations. 
— Buppofling  the  electro-chemical  theory  of  Davy  to  be  a  true  representation  of  facts, 
every  body,  whether  simple  or  compound,  should  either  possess  or  have  tbe  tendency 
to  assume  one  invariable  quality  of  electricity.  Hydrogen,  and  all  bodies  which, 
when  separated  by  voltaic  agency  from  their  compounds,  go  to  the  negative  pole  of  a 
voltaic  arrangement,  should  either  possess  or  have  the  tendency  of  assuming  positive 
electricity.  Oxygon,  on  the  other  hand,  and  other  bodies  termed  electro-negative, 
bocauKO  of  their  going  to  the  positive  pole,  should  be  endowed  with  the  opposite 
chAractoristic. 

If  bodies  wore  naturally  endowed  with  different  kinds  of  electricity,  the  circumstance 
should  admit  of  easy  proof.  We  might  appeal  to  the  electrometer  for  demonstra- 
tion ;  or,  moro  pertinently  still,  we  might  appeal  to  the  voltaic  battery  itself ;  for 
if  a  simple  body,  minutely  divided,  be  suspended  in  some  indifferent  fluid,  and  voltaic 
olootrioity  oausod  to  traverse  the  fluid,  the  suspended  particles  should  be  attracted  to 
ono  polo  or  the  other.  This  is  not  the  case.  The  experiment  has  been  tried  with  charcoal 
minutely  divided  and  hold  in  suspension  by  sulphuric  acid ;  it  has  been  tried  on  gold 
prooipitatod  by  sulphate  of  iron  from  its  solution,  without  the  slightest  positive  effect. 
The  greater  number  of  bodies  do  not  admit  of  this  kind  of  experiment ;  but  applying  to 
them  the  analogy  of  others  to  which  they  are  allied,  it  would  seem  that  the  theory 
which  assumes  molooulos  to  be  endowed  with  definite  electrical  states,  is  unfounded. 

But  this  was  not  Davy's  assumption.  His  theory  did  not  require  so  extreme  an 
admission,  but  would  bo  substantiated  in  all  that  relates  to  the  voltaic  decomposition 
of  bodies,  on  the  assumption  that  a  definite  electrical  state  would  be  assumed  by  con- 
tact ;  and  this  postulate,  judging  from  the  investigations  of  himself  and  others,  seemed 
to  bo  granted.  Volta,  as  we  have  already  seen,  referred  the  source  of  energy  of  com- 
binations, whiith  bear  his  name,  to  the  contact  of  metals.  Davy  agreed  with  Yolta  in 
ooosidoring  motallio  contact  the  first  cause  of  voltaic  excitement,  but  he  believed 
ehomioal  action  noci>s8ary  to  the  sustaining  of  this  excitement.  That  chemical  action 
originated  olwtricity,  he  strongly  denied;*  but  Becquerel,  Delarire,  and  Pouillet^ 
bare  demvuiatrated  the  oontrary.f 

Volta'a  oxporimonts  on  the  development  of  electrioity  by  contact  had  only  extended 
to  motals  i  Davy's  invosUgatiims  were  more  discursive,  involving  an  examination  of  the 
•loctriivftl  iwults  of  oontai't  between  various  other  bodies.  He  arrived  at  the  ^y>ncluiTi«n 
that  a  dry  alkali,  or  alkaline  earth,  is  excited  positively  by  contact  with  a  metal,  and 
that  dry  acida,  alter  having  been  brought  in  contact  with  a  metal,  are  negative.  He 
•atislt«d  hims«lf,  moi\H>T«r,  that  acids  and  alkalies,  in  th^  diy  state,  mutually  excite 
«ach  oihw ;  the  former  assuming  a  negative,  the  latter  a  positive  conditioii.  Having 
saUsAed  hiuMilf  on  theM  {Konta,  he  assumed  that  what  was  trae  for  masBea  was  tme  for 
molecules ;  and  the$e  poalulaies  being  granted,  the  leaaon  why  certain  compound  bodies 
weo^  deowipowsi  by  v^taic  power  was  thought  to  be  satis£ictorilT  explained. 

$iippoiin|:«  &Mr  the  sake  of  discussion,  evexy  point  to  be  conoeded  that  was  aBomed 
•  «« BAkHiM  LeMWNw"  forl^K.        t  **  Aaa.  ^eOtim.  c«de  Plija.**MBeU,afi.s;,Sl^aMd». 
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by  Dayy,  great  difficulties  present  themselves,  nevertheless,  when  the  theory  is  applied 
to  actual  phenomena.  It  should  follow,  if  the  theory  held  good,  that  the  affinity  of 
one  chemical  compound  for  another  must  he  less  than  the  affinity  of  elements  entering 
into  these  oompounds  for  each  other.  Thus,  for  example,  sulphuric  acid  is  a  compound 
of  sulphttt  and  oxygen;  potash,  a  compound  of  potassium  and  oxygen— oxygen  and 
mlphur,  oxygen  and  potassium  uniting  in  these  cases,  because  either  element  is  naturally 
in  an  electrical  condition,  opposed  to  that  of  the  other.  But  if  the  electrical  similitude 
invoked  be  fiilly  borne  out,  the  two  electricities,  by  thus  combining,  should  have 
mutually  neutralised  each  other ;  whereas  the  potash  and  the  sulphuric  acid  manifest  a 
yiolent  tendency  to  unite  and  form  a  second  compound.  Supposing  the  last  objection 
to  be  removed,  there  is  yet  another.  If  the  components  of  a  substance  be  attracted 
towards  either  pole  of  a  battery,  they  ought,  according  to  every  electrical  analogy,  to 
stay  there.  Supposing,  for  example,  the  decomposition  of  water  to  be  that  imder  con- 
sideration—hydrogen  we  know  is  liberated  at  the  negative,  oxygon  at  the  positive  pole. 
But  this  result  should  not  ensue  if  the  theory  of  Davy  were  correct.  The  hydrogen 
should  not  quit  the  negative,  nor  the  oxygen  the  positive  pole ;  but  this  is  contrary  to 
▼hat  takes  place. 

But  the  theories  of  Davy  and  Volta  are  based  on  a  petitio  principii  which  cannot 
be  unconditionally  granted ;  against  which,  indeed,  there  is  a  preponderating  balance 
of  testimony — ^the  development  of  electricity  by  simple  metallic  contact.  Delarive 
attributes  the  phenomena  to  slight  oxidation,*  and  states  that  if  the  experiment  be 
performed  in  an  atmosphere  of  hydrogen  or  nitrogen,  no  electricity  is  developed. 
Professor  F&lS,  of  Kiell,  cannot,  on  the  other  hand,  subscribe  to  this  statement ;  and 
Pairot,  of  St.  Petersburgh,  accepting  the  results,  attributes  them  to  Mction.t 

Struck  with  these  inconsistences  of  Davy's  theory.  Professor  Faraday  undertook  a 
lengthened  investigation  of  the  theory  of  chomico-chemical  agency,  and  arrived  at 
certain  results  which  we  may  now  investigate. 

The  first  question  which  this  philosopher  proposed  to  himself  for  determination 
▼as  this : — Whether  voltaic  decomposition  was  effected  in  consequence  of  polar 
attraction  from  without,  or  molecular  divergence  from  within.  To  which  question 
the  following  experiment  afforded  a  satisfactory  answer  for  one  special  case : — 

'^  A  glass  basin,  four  inches  in  diameter,  [and  four  inches 
deep,  had  a  division  of  mica  (a)  fixed  across  the  upper  part, 
so  as  to  descend  one  inch  and  a  half  below  the  edge,  and  be 
perfectly  water-tight  at  the  sides ;  a  plate  of  platinum  (b) 
three  inches  wide  was  put  into  the  basin,  on  one  side  of  the 
division  a,  and  retained  there  by  a  glass  block  below,  so 
that  any  gas  produced  by  it  in  a  future  stage  of  the  experi- 
ment should  not  ascend  beyond  the  mica,  and  cause  currents 
in  the  liquid  on  that  side.  A  strong  solution  of  sulphate  of 
magnesia  was  carefully  poured,  without  splashing,  into  the 
basin,  imtil  it  rose  a  little  above  the  lower  edge  of  the  mica 
division  (a),  great  care  being  taken  that  the  glass  or  mica 
on  the  unoccupied  or  o  side  of  the  division  in  the  figure 
should  not  be  moistened  by  agitation  of  the  solution  above 
the  level  to  which  it  rose.  A  thin  piece  of  clean  cork,  well 
wetted  in  distilled  water,  was  then  carefully  and  lightly  placed  on  the  solution  at  the 
♦  "  Ann.  de  Chim.  et  de  Phys."  xxxix.,  p.  297.  +  «  Ann.  de  Chim.  et  de  Phys.,"  xIyI.,  p.  861. 
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e  skie,  and  distilled  water  poured  gently  on  to  it  until  a  stratum,  the  «ighili  of  an  inch 
in  thickness,  appeared  oyer  the  sulphate  of  magnesia ;  all  was  then  left  for  a  few 
minutes,  that  any  solution  adhering  to  the  cork  might  sink  away  from  it,  <»*  be 
removed  by  the  water,  on  whidk  it  now  floated ;  and  then  more  distilled  wator  was 
added  in  a  similar  manner,  until  it  reached  nearly  to  the  top  of  the  glass.  In  this  way, 
the  solution  of  the  sulphate  occupied  the  lower  part  of  the  glass,  and  also  the  upper  on 
the  right-hand  side  of  the  mica ;  but  on  the  left-hand  side  of  the  divifidon  a  stratum  ^ 
of  water  from  eto  d,  one  inch  and  a  half  in  depth,  reposed  upon  it,  the  two  presenting, 
when  looked  through  horizontally,  a  comparatiyely  definite  plane  of  contact.  A  second 
platinum  polo  (e)  was  arranged  so  as  to  be  just  under  the  surface  of  the  w«ter,  in  a 
position  nearly  horizontal,  a  little  inclination  being  giren  to  it,  that  gas  evolved 
during  decomposition  might  escape.  The  part  immersed  was  three  inches  and  a  half 
loivg  by  one  inch  wide,  and  abo<qt  seven-eights  of  an  inch  of  water  intervened  between 
it  and  the  solution  of  sulphate  of  magnesia. 

The  latter  pole,  e,  was  now  connected  with  the  negative  end  of  a  vdtaic  battery, 
of  forty  pairs  of  plates,  four  inches  square ;  whilst  the  former  pole,  ^,  was  connected 
with  the  positive  end.  There  was  action  and  gas  evolved  at  both  poles ;  but  £rom  tbe 
intervention  of  pure  water,  the  decomposition  was  very  feeble  compared  to  what  the 
battery  would  have  effected  in  a  uniform  solution.  After  a  little  while  (leas  than  t 
minute),  magnesia  also  appeared  at  the  negative  side :  it  did  not  tnake  its  tppeturanee  at 
the  U0!fativ$  metMe  pole^  but  in  the  water  ;  at  the  plane  where  the  solution  and  the 
water  met.* 

The  platinum  slip  e  Imng  in  contact  with  the  saline  solution,  and  the  slip  «  witb 
water, — then,  supposing  the  theory  of  voltaic  decomposition  from  polar  attractitm  to 
apply,  the  results  of  decomposition  (acid  and  magnesia)  in  this  experiment  should  be 
attracted  to  either  pole  or  slip  of  platinum.  This  view  was  not  borne  oat  in  the  result, 
as  wo  have  seen ;  but  sulphate  of  magnesia  suffering  decomposition  into  itscompoOfestB, 
the  latter  wore  not  attracted  to  the  metallic  slips  or  poles,  but  were  deposited,  or  rather 
impurted^  at  the  surface  of  ccmtact  between  the  water  and  the  saline  solution.  He 
experiment  just  detailed  is  at  variance  with  the  assumption  that  decomposition  follows 
as  the  result  of  polar  influence  exercised  from  without :  it  rstherpoints  to  tho  existence 
of  some  moleciilar  disturitance  within  the  body  decomposed.  Further  experiments 
substantiating  the  view  thus  taken,  Faraday  suggested  the  propriety  of  abandoning  the 
words  •IfmrtttM  pal*,  together  with  its  necessary  concomitants,  and  the  introduction  of 
others  leas  expressive  of  a  theory  proved  to  be  untenable.  Hitherto  the  term  pole 
having  been  us«d  as  synon3nnous  with  the  effective  end  of  tiie  voltaic  battery,  and  such 
oflt^tive  <Nids  having  been  metallic,  experimenters  lost  sight  of  the  tsuct  that,  however 
(HmT<4ik4it  the  employment  of  metals  for  this  purpose  might  be  under  all  usual  drcam- 
st«ttce«>  nererdieksa.  wapposiBg  it  desired  to  test  a  principle,  fluids,  and  even  gases, 
might  be  made  the  dlcc<ive  end ;  in  which  case,  they  would  be  analogous  in  function 
to  tht^  so-c«lkd  mctaUic  poles.  An  example  of  two  liquids  assuming  this  function, 
under  a  particular  dispositMn  of  parts,  is  supplied  by  the  last  experiment ;  the  demon- 
stration, by  another  modification,  can  aUo  be  extended  to  gases. 

Ropudiating  the  idea  of  attraction  as  at  variance  with  his  experiments,  Faraday 
airiT^  at  the  «i«clusion  tkat  the  acting  terminals  of  a  voltaic  battery,  whether 
wetanie^  as  in  prttctiee  is  usually  the  case,  or  fluid  or  gaa,  are  not  to  be  considered  as 
loculitM*  of  attiwrtkai,  but  as  openirigs  or  doorwaTs  through  whidi  ^»  electric  emrent 
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enters,  or  ianeBf  in  its  course.  It  was,  tkerefore,  desirable  to  adopt  two  appellations 
sigmficant  of  the  point  of  exit  and  the  point  of  entrance  of  electricity.  The  former 
Frofeasar  Faraday  deoominaittd  anode  (oyo,  upwards;  lAof,  way — t.  e.,  the  eourse 
pursued  by  the  rising  tun),  the  latter  eat — or,  for  euphony,  cathode  (irarM,  downwards). 
Hence  anode  may  be  regarded  as  synonymous  with  potifwe  pole^  and  vice  veraA.  The 
adoption  of  these  terms  led  to  others.  It  was  clearly  improper  to  retain  terms  erpres- 
siye  of  attraetkm  after  repudiating  the  attractiye  influence ;  hence  Professor  Faraday, 
instead  of  denominating  the  lesults  of  voltaic  decomposition  eleetro-positiTes  and 
electro^negatiTeay  termed  them  anitfM  and  cathione^  terms  merely  expressing  the 
drcimiBtaiioe  of  their  fomg  to  the  anode  or  cathode.  Hence,  in  general  tenns,  anion 
and  deetro-n9gati9$y  eatkion  and  eUetrO'-positive,  may  be  regarded  as  synonymous. 
Finally,  the  term  electrolysiB  was  introduced  as  ezpressire  of  voltaic  decomposition ; 
and  all  compounds  amenable  to  such  decomposition  by  direct  influence  of  the  battery 
are  termed  electrolytes.  Between  the  direct  and  indirect  decomposing  agency  of  the 
voltaic  battery  it  is  necessary  to  make  a  distinction. 

From  a  consideration  of  the  modiflcations  eiScoted  by  Faraday  on  the  theory  of 
electro-chemical  decompositions,  it  will  bo  recognised  that  the  main  point  insisted  on 
by  this  philosopher  is  the  existence  of  an  internal  divcUent  power  between  the  molecules 
of  componnda  exposed  to  voltaic  agency— a  divcllcnt  power  called  into  action  by  the 
Yoltaic  influence,  and  determining  a  separation  of  molecules  towards  either  electrode. 
Now  this  is  just  what  takes  places  within  the  voltaic  combination  itself— indeed, 
perhaps  the  best  general  idea  that  can  be  given  of  the  doctrine  of  Professor  Faraday  is 
to  state  that  he  regards  the  substance  undergoing  electrolysis,  or  decomposition,  as  a' 
portion  of  the  battery ;  whereas  all  philosophers  anterior  to  him  regarded  them  as 
sxtraneoua  to  the  battery. 

The  acceptance  of  Davy's  theory  leads  to  the  belief  that  the  facility  with  which  any 
compound  admits  of  voltaic  decomposition  is  in  direct  ratio  to  the  weakness  of  com- 
bining force  between  the  elements  of  such  compound.  Faraday's  theory,  however, 
leads  f»  the  dlrectLy  opposite  conclusion.  According  to  it,  bodies  united  by  the  strongest 
affinities  should  be  most  readily  decomposed.  So  far  as  experiment  has  gone,  the  latter 
hypothesis  seems  borne  out  Bodies  formed  of  a  binary  airangement  of  atoms  may  be 
assumed  to  jXMsese  the  maximum  of  chemical  stability;  and,  accordingly,  Faraday 
discovers  prutoxides,  protochlorides,  &c.,  to  be  true  electrolytes, — but  extending  his 
investigations  to  comi>ound  binary  arrangements,  such  as  metallic  salts,  the  latter  did 
not  seem  to  come  within  the  same  generalization.  However,  farther  experiment  will 
be  needed  to  settle  definitely  the  existence  or  non-existence  of  such  analogy. 

Cbemical  Pxoportiotiality  of  Toltaio  DecompoiitloB. — ^The  view  taken 
of  voltaic  chemical  decomposition,  and  which  has  just  been  explained,  has  led  to  the 
important  discovery  that  there  exists  an  equivalent  proportionality  between  chemical 
results  and  voltaic  energy.     For  example,  if  two  electrolytes  or  bodies  capable  of 
1  direct  decomposition  by  voltaic  energy  be  electrolysed  by  inclusion  within  the  circuit  of 
I  a  battery,  then  each  will  be  decomposed,  and  the  quantities  thus  decomposed  will  be 
represented  by  the  natural  atomic  weights  of  the  bodies.     Limiting  this  doctrine,  for 
the  sake  of  ready  comprehension,  to  one  specific  case — that  of  the  simultaneous  decom- 
position of  water  and  of  chloride  of  silver  fused — then  for  every  eight  parts  by  weight 
of  oxygen,  and  one  part  by  weight  of  hydrogen  liberated,  there  wiU  be  108  parts  by 
ircight  of  silver,  and  35*45  of  chlorine ;  such  being  the  equivalent  or  combining  weights 
of  these  bodies. 
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Again,  if  the  same  current  be  transmitted  througli  four  decomposing  cells — ^the  fint 
of  which  contains  water,  the  secoiid  chloride  of  silver,  the  third  chloride  of  lead,  the 
fourth  chloride  of  tin,  all  fluid,  the  quantities  of  hydrogen  gas,  silver,  lead,  and  tm 
precipitated  at  the  four  negative  poles,  are  to  each  other  as  1  :  108  :  103*6  :  57*9 ; 
whilst  at  the  positive  poles,  oxygen  and  chlorine  are  separated  in  the  proi>ortions  of 
8  :  85*4. 

Moreover,  inasmuch  as  the  doctrine  of  electrolysis,  in  contradistinction  to  that  of 
oloctFO-voltaic  attraction,  refers  the  voltaic  decomposition  of  bodies  to  the  exercise  of 
forces  residing  within  themselves,  and,  as  a  consequence,  regards  them  as  constituting 
an  active  portion  of  the  voltaic  circuit,  the  deduction  would  seem  to  follow  that  the 
total  amount  of  chemical  energy  of  one  kind— whether  a  formation  or  resolution- 
brought  into  operation  on  one  side  of  the  voltaic  battery,  should  be  equal  to  that  evolved 
on  the  other  side — ^understandiiig  by  the  term  sides  of  a  battery,  the  battery  itself 
ordinarily  so  called,  and  the  substance  placed  within  its  circuit  for  the  purpose  oi 
decomposition. 

Thus,  in  the  annexed  woodcut,  the  two  sides  of  a  voltaic  combination  may  be  said 

to  be,  firstly,  the  battery 
itself;  secondly,  the  water 
undergoing  decompositon ; 
and  it  is  found  that  the  total 
quantity  of  ^c  dissolved  in 
the  battery  proper  is  propor- 
tionate with  the  amount  of 
water  decomposed;  that  is 
to  say,  for  every  nine  parts, 
by  weight,  of  water  decom- 
posed, liberating  eight  parts 
of  oxygen  and  one  part  of 
hydrogen,  there  will  have  been  fivty-six  parts  of  oxide  of  zinc  generated,  and  eighty-six 
parts  of  sulphate  of  aino ;  such  being  the  reUtive  atomic  wei^ts  of  these  substanoes. 
It  is  hardly  necessary  to  indicate  that,  for  the  sake  of  precision,  the  battery  is  supposed 
to  have  lino  for  its  dissolving  metal,  and  solphurio  acid  for  its  dissolving  agent. 

The  application  of  this  doctrine  becfHues  of  great  theoretical  importance  in  operatioDS 
of  electro  deposition.  A  workman  desires,  ftut  instance,  to  throw  down,  on  a  copper  or 
other  surfiM>e,  a  certain  weight  of  gold  or 
silver  ;heknow8when  thishasbeenaooom- 
pUshed  by  simply  measuring  the  amount 
of  water  decomposed  by  the  same  ^ectrio 
current  For  accomplishing  deteimina- 
tiuns,  an  instrument  called  the  tW/«aM/«r 
is  employed.  It  is  merely  an  instrument 
ctuiTt'niently  arranged  for  the  decomposi- 
tion of  water  by  voltaic  energy. 

The  aecompanying  woodcut  Represents 
a  T\>lt;juueti^r  liberating  its  gas<L>$  into  a 
<.\>llecting  jar  placed  over  the  pneumatic 
tiv^ugh;  «  ^  ai>^  hn>ad  platinum  electrodes,  communicating  respectiTely  with,  ei&er  i 
oud  vvt  a  banorv. 
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I  hAve  alreadj  adrerted  to  thti  curious  plienomefna  of  tnmafcrGUjoe  of  certain  bodiei, 
under  tke  mflncnoe  of  Toltalo  energy,  through  otiier  bodie§  witih  which  they  ordmarily 
coicbino ;  but  a  fkr  slmplor  caie  aflbrdi  ahtmdanC  matter  for  Bpoc^ilation, 

Revortiiag  to  the  ordiniuy  elijctrolj^tiji  of  water,  w©  find  that  <jn!p!oyiiig  an  apparatiti 
like  that  of  wblcli  a  faction  is  given  in.  the  wood- 
eut,  one  electrode  liberatea  hydrogen^  the   other 
oiygtin. 

Whore  then^  at  one  exaat  pointi  doea  the  de< 
ceropositioti  of  each  atom  of  wati?Tta]ce  phute'?  The 
idvoeates  of  a  pokr  theory  of  decompoMtion  reply 
to  thia  qiieiition,  it  is  true ;  but  the  reply  in  valves 
a  fitiil  greater  difficulty.  According  to  thi«  polar 
th^vry^  the  docompoaition  must  ohjiub  at  the  attraijting  polra  ;  namely,  in  the  caao  under 
ooD«ideratioB,  the  aheets  of  platinum  ;  but,  inosmueli  as  one  pole  only  liberates  one  gaa, 
the  difflcolty  ariaes  of  aecounting  far  the  transference  of  the  other  gaa  in  an  inyiaiblo 
hm  to  tho  other  pole. 

Among  the  numerous  theories  framed  with  a  yiew  to  explain  thia  diffioilty,  that  ef 
(Jrotthufl  was  moat  rational.  Ho  adsmued  that  the  water  might  be  conaidcred  aa 
forming  a  line  of  coatinuoua  binary  partidea  between  the  two  polca— something  in  the 
manner  represented  by  Fig.  1 — that  decompoiltion  occurred  eimultaneously  at  both 
eada  of  the  line ;  but  that  the 
\rollaic  action  waa  not  maintained 
by  the  invisible  crofiidng  of  oxygen 
and  hydrogen*  He  explained  the 
remit  more  aimply  by  asauming 
that  the  original  disposition,  as  between  mdeotilea  of  oxygen  and  hydrOp^e^*  was  brought 
about  by  molecular  adjuEtment  within  the  aphere  of  their  own  chemical  attraction, 
^:^^*-  Then,  referring  to  Fig.  1,  it  will  bo  seen  that  if  we  take  away  the 
/^  ^\  tenninal  particle  of  hydrogen  from  the  left  hand,  and  the  termiaai 
1^  /^    particle  cf  oxygen  ^m  tho  right  hand  of  the  aeriea,  the  elementa  of 

^  -       water  will  atili  remain,  though  not  under  the  same  polar  airangement 

aa  before  ;  in  order  to  refltore  which,  the  particles  must  he  aaaumi^  to 
tmn  in  their  own  aphere  of  chemical  attraction,  either  to  the  right  or 
to  the  left;  as  indicated  in  Fig.  2,  when  the  original  polarity  would  be  assumed. 

Now  it  will  be  aeentbat  this  theory  may  be  appUed  to  all  caacs  of  voltaic  decom- 
position. Given  the  condition  of  chomieal  affinity  between  two  bodiea,  euch  as  oxygen 
for  hydrogen^  or  sulphMric  acid  for  pot€Lsih|r  &c,}  and  tho  theory  of  molccnlar  adjustment 
is  rational ;  but  without  that  conation  the  theory  doe§  not  apply*  Hence,  the  trana- 
missiou  of  Boda  through  sulpburic  acid,  or  sulphuric  acid  through  soda,  and  similar 
results  which  appeared  bo  extraordinary  to  Davy,  because  of  the  strong  chemical 
affinity  existing  between  the  two,  should  ink^  place  according  to  the  theory  of 
GrotthuSf  bccatise  of  that  affinity,  and  should  not  be  capable  of  taking  plac^  without. 
Although  such  a  deduction  naturally  flows  from  the  theory  of  GrotthiuSj  yet  it  does  not 
seem  thatliiat  philosopher  perceived  them,  and  it  remained  for  Faraday  to  point  them 
out,  and  to  demonstrate  t^em  by  numerous  satisfactory  experiments}  one  of  which 
is  aa  foUowB  ;— 

Two  Bolutiona  having  b^en  prepared — one  of  sulphate  of  soda  in  water,  the  other  of 
Btilphuric  acid  in  water— and  the  strength  of  the  aoliitiona  having  been  adjusted  in  such 
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a  maimer  that  in  a  given  number  of  vcdumes  of  sulphate  of  soda  there  should  be  con- 
tained the  same  amount  of  sulphurie  acid  as  in  an  equal  number  of  volumes  of  the 
aqueous  solution  of  that  acid^  Uie  experiment  was  proceeded  with  as  loUows  :— 

Four  glass  cups  were  arrangied ;  seventeen  measures  of  the  free  sulphuric  acid 

were  put  into  each  of  the 
Teasels  «  and  B^  amd  seven- 
teen measures  of  the  solu- 
tion of  snlphate  of  soda 
into  each  of  the  vesseb 
A  and  B,  the:  portions  be- 
ing as  equal  as  they  could 
be  made  in  quanlitT',  and 
cut  as  short  aswasceai- 
sistent  with  their  performing  the  part  of  c^ctual  communicati(Hi.  B  and  a  were 
connected  by  two  platinum  plates  or  poles,  soldered  to  the  extremities  of  one  wire, 
and  the  cups  a  and  B  were,  by  similar  platinum  plates,  connected  with  a  voltaic 
battery  of  forty  pairs  of  plates,  four  inches  square,  that  in  a  being  connected  with 
the  negative,  that  in  B  with  the  positive  pole. 

The  battery,  which  was  not  powerfully  charged,  wsjb  retained  in  oommunicar 
tion  above  half  an  hour.  In  this  manner  it  was  certain  that  the  same  eleetric 
current  had  passed  through  a  5  and  A  B,  and  that  in  each  instance  the  nnns  quan- 
tity and  strength  of  acid  had  been  submitted  to  its  action;  but  in  one  case 
merely  dissolved  in  water,  and  in  the  other  dissolved  and  also  oomhined  with  an 
alkali. 

On  breaking  the  connexion  with  the  battery  the  portions  of  asbestos  vrece  lifted 
out,  and  the  drops  hanging  at  the  ends  were  allowed  to  fidl  each  into  its  respective 
vessel.  The  acids  in  a  and  b  were  then  first  compared,  for  which  purpose  two  evapo- 
rating dishes  were  balanced,  and  the  acid  from  a  put  into  one,  and  that  from  b  into  the 
other ;  but  as  one  was  a  Uttle  heavier  than  the  other,  a  small  drop  was  transferred 
from  the  heavier  to  the  lighter,  and  the  two  rendered  equal  in  weight.  Being  neu- 
traliaed  by  the  addition  of  the  aoda  solution  (a  solution  of  known  and  definite  strength, 
each  measure  being  equivalent  to  a  measure  of  sulphuric  acid),  t^t  from  a,  or  the 
negative  vessel,  required  15  parts  of  the  soda  solution,  and  that  from  b,  or  the  positive 
vessel,  required  16*3  parts.  That  the  sum  of  these  is  not  34  parts  is  principally  due  to 
the  acid  removed  with  the  asbestos ;  but,  taking  the  mean  of  15*65  parts,  it  would 
appear  that  a  twenty-fourth  x>art  of  the  acid  originally  in  the  vessel  a,  had  passed 
through  the  influence  of  the  electric  current  from  ato  b. 

In  comparing  the  difference  of  acid  in  A  and  B,  the  necessary  equality  of  wei^t 
was  considered  as  of  no  consequence,  because  the  solution  was  at  first  neutral,  and 
would  not,  therefore,  affect  the  test  liquids,  and  all  the  evolved  acid  would  be  ia  B, 
and  the  free  alkali  in  A.  The  solution  in  A  required  3*2  measures  of  the  pcepoxed 
acid  to  neutralize  it,  and  the  solution  in  B  required  also  3*2  measures  of  the  soda 
solution  to  neutralize  it.  As  the  asbestos  must  have  removed  a  little  aeid  sod  alkali 
from  the  glasses,  these  quantities  are  by  so  much  too  small ;  and,  therefore,  it  woaM 
appear  that  about  a  tenth  of  the  acid  originally  in  the  vessel  A  had  been  transferred 
into  B  during  the  continuance  of  the  electric  action.* 

•  "Faraday's  Experimental  Reaearches  in  Electricity,"  vol.  L,  p.  152-S. 
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From  t}i0  preceding  experimont  it  appears  that  more  acid  was  transferred  from  the 
saline  aoliEtion  than  from  the  aqueous  solution  of  acid,— a  result  at  variance  with  the 
theory  of  mere  electrical  attraction.  Sulphuric  acid,  as  existing  in  sulphate  of  potash, 
could  not  have  escaped  hefore  a  certain  force— namely,  that  of  affinity — had  been 
overcome ;  whereas,  the  fiorce  to  he  overcome  in  the  second  case  was  merely  the  affinity 
of  sulphuric  acid  for  water. 

«  Some  of  the  most  beautiful  and  surprising  cases  of  electro-chemical  decomposition 
and  transfer/'  Professor  Faraday  remarks,*  "which  Sir  H.  Davy  described  in  his 
celebrated  iMiper,t  were  those  in  which  acids  were  passed  through  alkalies,  and 
alkalies  or  earths  through  acids ;  and  the  way  in  which  substances  having  the  most 
poweifiil  attraction  for  each  other  were  thus  prevented  from  combining,  or,  as  it  is  said, 
had  their  natural  affinities  destroyed  or  suspended  throughout  the  whole  of  the  circuit, 
excited  the  utmost  astonishment.  But  if  I  be  right  in  the  view  I  have  taken  of  the 
effects,  it  will  appear  that  that  which  made  the  wonder  is  in  fact  the  essential  condition 
of  transfer  and  decomposition.'' 

Theories  of  Voltaio  Action. — Although  some  of  these  theories  have  already 
been  casually  noticed,  yet  it  will  be  desirable  to  state  them  definitely,  in  close  mutual 
apposition.  Dismissing  altogether  the  theory  of  Galvani,  who  referred  the  effects  of 
Yoltaic  energy  to  an  animal  origin,  and  considered  the  metals  used  only  in  the  sense  of 
conductors ;  dismissing  also  the  theory  of  Fabroni,  who  denied  electricity  to  be  the 
cause  of  the  phenomena  noticed  by  Galvani — ^neither  of  which  can  be  denominated 
theories  of  voltaic  energy  properly  so  called — the  true  theories  of  this  agency  may  be 
classed  under  the  binary  division  of  those  which  refer  the  power  to  simple  contact  of 
metals  as  its  source,  and  those  which  refer  it  to  chemical  action. 

Yolta,  it  has  already  been  stated,  adopted  the  former  view,  ignoring  the  chemical 
results  of  voltaic  agency  altogether,  as  casualties.  This  view  of  the  case,  however,  was  so 
obviously  untenable  that  it  was  universally  abandoned.  A  modification  of  the 
theory,  however,  was  adopted  by  Davy ;  and  indeed  its  adoption,  thus  modified,  is  a 
necessary  postulate  in  the  acceptance  of  Davy's  electro-chemical  theory.  Fully 
admitting,  with  Yolta,  metallic  contact  to  be  the  primary  source  of  electric  disturbance 
in  voltaic  arrangements,  Davy  believed  that  the  restoration  of  equilibrium  was  alone 
brought  about,  and  prolonged  agency  of  the  combination  effected,  by  subsequent 
chemical  decomposition.  The  theory  is  hence  so  intimately  associated  with  the  doctrine 
of  electro-chemical  decomposition,  and  has  been  discussed  so  fully  under  that  head,  that 
I  need  not  further  extend  these  remarks,  referring  the  reader  to  pp.  248-^250  for  all 
further  particulars  on  this  subject. 

WoUaston  adopted  a  different  view.  He  attributed  all  the  electricity  evolved  to 
chemical  action  as  its  source,  but  did  not  follow  this  theory  to  its  legitimate  conclusion. 
The  theory  of  Wollaston  is  now  almost  universally  accepted.  It  is  that  which  alone 
accords  with  the  doctrine  of  electrolysis,  and  it  is,  moreover,  supported  by  the  almost 
insuperable  arg^ument,  that  voltaic  combinations  may  be  made  without  any  metallie 
contact,  and  that,  in  all  the  most  powerful  voltaic  combinations,  no  such  direct  contact 
does  take  place ;  the  truth  of  which  remark  will  be  evident  when  the  construction  of 
voltaic  arrangements  shall  be  described.  Slightly  anticipating  that  part  of  the  subject, 
the  following  experiment  of  Faraday  may  be  appropriately  cited  in  demonstration  of  the 
iacty  that  voltaic  action,  as  evinced  by  chemical  decomposition,  may  ensue  without 
ftietollic  contact 

•  "Electrical  RcsearcheB,"  vol.  i.  t  "Phys.  Jour.,"  1807,  p.  1. 
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If  fi  piece  of  zmG  and  of  ailYcr  be  plnced  mthout  csontoft  m  a  vesael  of  dBut*^ 
solpliiiric  acid,  and  jom^d  by  moans  of  a  wlre^  a  simplo  roltalo  an a^jgcrmeiit  wiU  radidt. 

If  the  ipire  be  now  supposed  to  be  broken  in 
tbc  middle^  tmd  a  bodj  sucIl  as  H  IsBorled 
bfiiiweciL  tbo  tt^^o  eiid%  It  lA  ovident  tbat  > 
voltaic  current,  suppofiing  one  to  take  plac^} 
TfiJl  be  fayourably  circumstaiu^d  for  passing 
tbn>tigb  R  and  decompofiiQg  it,  if  papaMe 
of  deiKitDpoBition.  Ncrw^  if  H  be  &  dLac  of 
bibulous^  pnpc^T,  filled  ^iih  a  iolutioiL  of 
iodide  of  potQssitmi  and  ataircb,  and  kid 
for  (^onvctiignca  un  tbo  fintt^sed  platinuM 
ftlectrocle  P^  as  reprcaontzd  in  the  diagram ,  Tii-biLit  its  upper  aurfacc  is  toacJied  with  the 
p^ttuum  wire  P,  decomposition  of  tha  iodide  of  potassium  ensues,  as  eridenced  by  lie 
pap^r  imnicdiatcly  turning  blue.  In  this  case  it  is  eyident  tbea'e  waa  no  metaKif} 
contact. 

KerdrtbclMs,  tlicre  are  not  wanting,  e^rpcoinlly  among  ccmtuiemtal  pbUcMOpben, 
adTocntes  who  still  attribute  a  portion  of  the  electiiei^  erolved  &om  aotiYe  ^tw^ 
oombination  to  metallio  contact* 

The  advocates  of  metallic  cofitaet  as  beini^  P*^^y  the  eanJe  of  toltaic  energy,  iw< 
oidy  relieci  on  the  experiments  TClativu  to  tho  doTclopment  of  decfcrieity  by  me;t^o 
oontact^  already  detailed,  but  on  the  phenomena  of  De  Luc* a  electrical  column,  Aa  tie 
instrument  is  termed.  It  consists  of  a  glass  tub^,  in  which  ure  pocked  some  tliouBand 
discs  of  paper,  covered  with  silvct'  on  one  side  and  ainc  on  the  othei*.  This  inKtra- 
ment  gives  uneqiuvocal  clectnc  indications  ;  and  il  was  argued  that  sneh  indioalaoas 
arc  a  proof  that  the  clectncity  is  developed  by  contact,  Exceptj  howcvm-,  the  Einc  be 
protected  from  osidation,  the  inference  goes  for  nothing;  and  such  pn)tcotioEi  ii 
incompatible  with  tho  conditions  of  the  inatrumcnt^s  tonstrnction, 

IHfilei^mt  Fo^rnis  of  Toltaio  C7oiii1iizka.UiHitt. — The  fir^  comrpoitnd  volfaic 
arrangement  ever  made  was  the  pile  ;  on  instrument  consisting  of  discs  of  copper  and 
zinc,  or  other  diaaimilar  metals  Intended  to  be  used,  soldered  toge- 
ther^  a.  piece  of  moistened  fiannel  or  cord  being  interposed  between 
each  pair.  To  this  form  of  apparatus  the  objcctiona  oro  numerous. 
Not  only  does  the  construction  of  such  an  arranfcment  oeoupy  con- 
siderable time,  but  during  eonstmetion  there  is  also  excitation ;  foT 
which  reason  tlic  power  of  the  lower  part  of  the  apparatus  is  con* 
aidcrably  diminished  before  the  upper  part  comes  into  operation* 
Moreover,  the  qnantity  of  fluid  employed  is  limited  ;  firstly,  by  the 
power  of  the  flannel  discs  to  absorb ;  secondly,  by  the  downward 
pressnro  of  the  superimposed  portions  of  the  apparatus.  The  tffi- 
cieney  of  the  instrument  i^  still  farther  diminished  by  a  lateral  com- 
munication of  liquid  passing  from  plate  to  plate.  To  obviate  these 
disadrontnges,  Mr.  Croiek^hank  formed  the  voltaic  or  galvania  trough,  which  laaf  h0 
deeeribed  &&  tho  voltaic  pile,  laid  horiiontiillj. 

Cruickahank's    initmmcni  wa»  formed  by  joining  discs   of  the    tw^o  mstal^ 

•  Ofi  this  sabjMt  consult  Ttr.  U\it.  M.  TtnitseaH  intmg^Twl  dlMwrtetioB,  "Me  aoaUrt  tb«J)# 
Tetthtldigi  in^i^a  Fatedfty's  jibbiindlutig  iihec  die  Quelle  der  Krafl  in  dcr  Volta*«liHi  SinJ**'* 
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tdfsiher,  sod  iiuertm^  e«cli  oompoond  diao  witMa  a  trqughf  at  rifhl  anglee  to  ita  kmg 
ixiSf  iBd  wster-ti^^  bf  irlikh  meani  tho  trough  became  oeparttted  }>j  tiije  ombpouiid 
diACs  into  mmtj  compaTtmeatA,  each  coiTeapcmding  to  iJie  diae  of  mouletied  tfsnn^l  in 
tlie  odgumi  roltolo  pile.  Hie  ttongk  itadf  was  mimtlf  mado  of  wood,  and  (mated 
mterbally^  with  a  layer  of  fiucid 


or  resiiijThieh  aasweved 
tlie  doable  pnipoae  of  pxvrtect- 

iog  the  wood  ham  tli0  add 
liqiiOT  omployed,  eiQd  of  ««eiir- 
ingibe'iiietidlic  diaoa  ia  l^ir  pJaooe,  without  pe^mutting  lateral  cotnmniucation  to 


The  next  fonn  of  Toltab  battery  adoptt^d  the  prmciple  of  tho  Cmr&mtc  det  T&tUEj 
lad  conaioted  of  two  porta, — ^namely,  the  troTigh  qr  acid  otintainer,  atid  the  meti^c 
oambiimtioiiB  for  dlppmg  into  this  trough.  The  fui  mc?r  is  precisely  aimilar,  in  general 
SpptiarancCy  to  the  entire  apparatus  of  Cndckahankf  though  ita  principle  ia  entlJ^Iy 

diHerent — the  tranavcrso  diupbrmgBiia  not  being 
tnotallic  paii-a,  but  of  tlio  SQiue  oiaterial  aa  the 
trough — ^aud  this  was  usually  of  earthenware. 
The  appended  e<^cdonjil  diagram  fumii&hcB  an 
idea  of  this  instrmucnt. 

Dr.  l^^'ollaston  it  was,  I  belierCj  who  next 
fihowed  that  the  powor  of  a  voltaitr  battery 
might  be  greatly  augmcntod  by  redupLicating 
the  uapper  plate  iu  the  luonncr  shown  ;  hence 
aro«o  a  furth<?r  modificatiou  of  the 
battery  •    and  from   thia    idea    of 
WolIflfitoUj  tho  propoaition  of  dlaearding    glaaa  or  porodaiii  cells    alto- 
gether, and  forming  the  copper  part  of  a  battery  into  C€ll%  was  on  oswy 
tm:Q£ition. 

The  original  battery  of  Yolta  thus  bt^canie  greatly  modified  in  formj  and 
each  modification  exhibited  an  obvious  improvement.     One  dt&adTtmtagc, 
itowever,  remaiaod :  tiie  power  of  the  aiTaugcmout  was  nat  constant.    Professor  Daniell 
obviated  this  inconTenicnce  by  devising  his  constant  battery,  tlio  principles  of  whicdi  I 
shall  now  e^cpkin, 

Btartmg  with  the  consideration  of  a  simple  voltaic  ammgeniontj,  as  rcjir^sonted  in 
the  diagram,  where  a  slip  of  zinc  is  connected  by  an  inter- 
mediate wire  to  a  slip  of  copper,  and  both  aro  immersed  In  a 
Tesael  of  diluto  sulphuric  acid,  c:cperieneo  proves  that,  after 
tho  lapse  of  a  certain  period,  the  apparatus  ccasos  to  act  i  ttic 
limit  to  its  aotion  being  portly  the  expenditure  of  acid,  partly 
a  dcpoaition  of  zinc  ^ipon  the  cop- 
per platc^ — this  reaulting  from  a 
decomposition  of  o^de  of  >:inc  by 
hydrogen.    If  any  modification  <jf  arrangement  could  cffiect 
the  deposition  of  copper  upon  copper,  and  renew  a  siTpply 
of  sulphuric  acid,  the  result  should  bo  a  constant  battery. 

X**  us  now  consider  what  the  probable  effect  would  bo 
of  dividing  tho  gloaa  vessel  into  two  hidvc^,  by  an  interposed  layer  of  membrane^  a 
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diaphragm  of  plaster  of  Paris,  or  other  conyenient  porous  body  barely  admitting  of 
permeation ;  and  filling  the  copper  cell,  not  with  dilute  Bolphuric  acid,  as  before,  but 
with  sulphate  of  copper.  Under  these  new  conditions,  sulphate  of  copper  and  dilitte 
acid  would  become  electrodes  mutually  to  each  other ;  and  the  oxide  of  zinc,  which, 
under  former  conditions,  would  have  been  deposited  on  the  copper,  would  be  now 
deposited  at  the  plane  of  junction  of  the  dilute  add  with  the  sulphate  of  copper  solution— 
t.  e.f  the  diaphragm.  Meantime,  the  electrical  influence,  passing  on,  would  penetrate 
the  sulphate  of  copper,  and  determine  a  deposition  of  copper  upon  copper ;  whilst  the 
sulphuric  acid  of  the  decomposed  sulphate  of  copper  permeating  the  membrane,  would 
pass  into  the  original  acid  division  of  the  apparatus,  and  compensate  for  that  which 
had  already  been  expended. 

Supposing  these  theoretical  indications  verified  (as  they  are),  such  a  battery  would 
be  constant  so  long  as  fresh  sulphate  of  copper  was  supplied,  and  while  the  materials 
of  the  battery  lasted. 

The  rationale  of  such  a  battery  is  indicated  by  the  subjoined  diagram ;  and  its 
constant  action  depends  upon  the  circumstance,  that  the  copper  plate  is  always 


Zinc. 


__  -  /Hydrogen——^ 

Water  .  .  .  (oxygen  .  | 


f 


:; 


Oxide  \ 
of  Zinc  j\ 


Snlphuricj__X«^a*"o?' 


-^ ^ 


(  Oxlie )  (OTf'J 
of    ^4  gen 


(0xii9)(0Tf' 

Sulphate     ^  of    H  gen 
of  oxide  J  ^^^'^^^PP 
of  Copper    8«lPk«Jc 
i.Acid.... 


retained  bright — having,  in  point  of  fact,  deposited  upon  its  surface  a  layer  of  the 
same  metal  from  the  decomposing  solution  of  sulphate  of  copper.  It  follows,  then* 
that  if  the  original  plate  of  copper  were  possessed  of  any  inequalities  of  surface,  the 
latter  would  be  faithfully  represented  by  the  deposited  layer  of  metal.  In  point  of 
fact,  this  is  the  most  elementary  view  that  can  be  taken  of  the  theory  of  electro-depo- 
sition, the  simplest  process  of  effecting  which  consists  in  making  the  subject  to  he 
copied  an  element  of  a  simple  voltaic  arrangement.  In  this  case,  however,  the  suhject 
to  be  copied  must  either  be  of  copper,  or  of  some  metal  possessing  a  similar  voltaic 
energy  in  regard  to  zinc.  Otherwise  a  compound  voltaic  arrangement  must  he 
employed,  furnished  with  wires ;  and  the  subject  to  be  copied  must  be  attached  to  Uiat 
wire  which,  adopting  the  language  of  theory,  receives  the  electric  current  (cathode),  and 
conducts  it  back  to  the  battery. 

These  theoretical  principles  have  been  carried  out  in  the  constant  batteries  of 
Becquerel,  Daniell,  and  Mullins ;  the  arrangements  being  most  perfect  in  the  battoy 
of  Daniell,  although  the  instruments  of  Becquerel  and  Mullins  possess  greater 
simplicity. 

Mullins'  battery  consists  of  an  earthenware  trough,  D,  in  which  a  cylindrical  plate, 
B,  of  zinc,  nearly  equal  to  the  trough  in  diameter,  is  placed.   "Within  the  zinc  cylinder  i« 
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IncldAi&d  ime  of  corpf^r,  A«    A  bladder  ia  tied  round  the  upper  &d^  of  the  oopfior  csyHnd^r, 

Cj  into  "wMeli  fluid  xd&j  bo  mtpoAuced  ty  means  of  a  row  of 

ftpertorea  m  the  rim.   Tlio  bladder  is  now  filled  with  a  Bolution 

of  sulpbat©  of  copperf  and  coarsoly  pounds  crystalB  of  eul- 

phate  of  oopper  aro  hoaped  upon  tlio  copper  oylindcn    The 

trough  is  now  charged  with.  BTUphuiio  acid,  wMcb,  coming  in 

contact  with  the  zinc,  acta  upon  it  in  the  ordinary  way. 

DanieU^a  conMtant  battery  ia  constructed  \jpaD  tho  same 
feneral  principles ;  but  the  meohamcal  arrsngeinent  of  its  parta 
is  reversed^the  copper  being  outside,  the  sine  inside — by  which 
means  th^  principlo  flrsi  noticed  by  Dr.  Wollaaton  i^  tnkpn 
advantage  of;  namely,  that  the  copper  surface  of  a  battery 
ahouH  be  greater  than  the  nsaociated  ainc  sulfate. 

The  accompanying  diagram  represents  a  section  of  Danieirs  battery.  The  gdU  in 
composed  of  a  copper  cylinderi  C  C,  towards  the  upp^r  part  of 
which  u  perforated  plate,  P,  is  situated,  upon,  which,  as  a  plat- 
form, crysjtala  of  sulphate  of  topper  are  laid.  The  fine  portion 
of  the  battery  h  a  solid  rod,  ^,  supported  above  by  a  croaa  piece 
of  wood,  and  sieparated  from  tbo  copper  cell  by  tho  membnme  of 
a  bullock's  gullet. 

Hitherto  zinc  and  copper  hare  been  exolusiyely  mentioned 
as  the  metals  of  which  voltaic  arrangementa  are  fonned :  they 
are  not  theorcticaUy  the  best,  however  ;  aiid  in  the  ccnstrqctioB 
of  all  our  most  powerful  voltaic  batteriea  the  combination  is 
departed  from.  Theoretically  speakingj  the  battery  of  maximum 
power  flhculd  eonaiat  of  two  solida  and  a  fluid — one  ^olid 
possessing  the  maximum,  and  the  other  the  minimum  power  of  affluity  with  that  fluid, 
Hance,  aupposiag  the  fluid  to  possess  an  oxidizing  tendency,  tho  best  theoretical 
materials  for  eonatrucling  a  battery  should  be  potassium  and  platinum,  Potaaeium  is 
tibvioualy  out  of  the  question ;  ondj  on  examining  the  list  gub joined,  we  find  zinc 
to  be  the  moat  oxidizable  metal  compatible  with,  our  reaourccB  :— 

Coppor.  Zinc. 


PLatLaum. 
Gold. 
Silver. 
Meretjiy. 


Tin, 
Lead, 

Iron, 


Sodium, 
Potassium. 


Platinum,  however,  is  ttoi  out  of  the  qucation.  Although  expensive  at  first,  it  dotct 
weara  out,  and  is,  accordingly,  employed  in  more  than  one  form  of  powerful  voltaic 
battery*  The  battery  invented  by  Mr.  Grove  in  of  this  kind ;  conabting  of  binary 
metallic  arrangementa  of  zinc  and  platiuuiu,  not  both  immersed  in  ono  fluid.  Nitric 
add  is  the  fluid  employed  for  contact  with  tho  platinum — dilute  sulphuric  acid,  mixed 
with  nitric  aiild,  for  contact  with  the  zinc  ;  and  the  two  fluids  are  prevontod  coming  in 
bodily  contact  by  the  intervention  of  a  porous  earthenware  cell,  into  which  the  nitrio 
acid  is  poured,  the  ceU  being  immersed  within  the  dilute  sulphuric  acid* 

This  battery  U  exceedingly  powerful,  hut  not  very  permanent  j  and  tho  evolution 
of  nitrous  fumes  which  it  occasions  when  worked  for  any  considerable  kngth  of  time  is 
inconvenient ;  moreover,  the  tioid,  after  the  lapse  of  a  certain  period,  becomes  heated 
even  to  ebuUition,    All  these  drawbaclta  Hmit  the  utility  of  the  instrument  j  but  for 
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deTfilopxng  vast  tnumntf  of  yoltaio  electricity  in  limited  time,  and  from  a  Hmiied 
space,  no  other  instrument  is  comparable  with  it.  The  accompanying  diagram  pteaeab 
the  icheme  of  decomposition  which  ensues  within  this  bagtterv  when  horoog^  into 
operation. 

In  aU  Toltaio  batteries  of  which  commercial  zinc  oonstitntes  a  part,  a  oonsidenble 
amount  of  power  is  lost  by  the  secondary  currents  which  are  set  up  on  the  sur&ee  of 
the  zinc  iiMil^  in  consequence  of  tho  impurities  which  the  eommereial  metal  contaiiis. 


If  pure  zinc  be  employed,  those  secondary  currents  do  not  occur ;  but  pnxe  noe  ennot 
be '  obtained  at  a  price  sufiicientiy  low  to  admit  of  its  being  cmployedi  hanoe  Mme 
expedient  had  to  be  devised  for  increasing  the  efficiency  of  common  sine.  This  oia  be 
effected  by  amalgamation ;  accordingly,  it  is  now  usual  to  amalgamate  all  nrftoes  of 
common  zinc  which  enter  into  the  construction  of  voltaic  batteries. 

Amalgamation  of  zinc  plates  is  readily  effected  by  rubbing  them,  after  being  scoured 
with  a  solution  of  nitrate  of  mercury  in  nitric  acid.  As  soon  as  an  even  coating  of 
mercury  has  been  deposited,  the  plates  should  be  dipped  in  water,  to  remoye  tk 
adherent  acid,  and  then  placed  to  drain  off  the  moisture. 

Mr.  Smee  has  invented  a  battery  which,  though  not  so  powerful  as  the  one  ju«t 
described,  has  perhaps  a  larger  sphere  of  application.  Instead  of  using  platinum  as  in 
the  above,  the  equivalent  is  silver,  on  which  a  superficial  coating  of  platinum  has  been 
deposited.  Bunsen  substitutes  carbon  cylinders  for  the  platinum  or  platinized  silver; 
the  form  of  carbon  employed  being  that  which  results  from  strongly  igniting  a  mixture 
of  powdered  coke  and  sugar.  The  materials  are  formed  into  shape  by  means  of  an  iron 
mould,  and  afterwards  burned. 


:magnetic  effects  of  voltaic  electricity. 

ZSlectro-Magnetism.— At  a  very  early  period  in  the  history  of  electrical  science,  i 
the  opinion  prevailed  that  some  connection  subsisted  between  electricity  and  magnetism.  I 
Nor  is  it  difficult  to  imderstand  the  reason  of  this  opinion.  Numerous  cases  are  on  , 
record  of  the  assumption  of  magnetic  properties  by  pieces  of  iron  and  steel,  originally  j 
now-magnetic,  after  having  been  struck  by  lightning.  Numerous,  however,  as  are  these  | 
instances,  the  results  themselves  were  capricious.  For  one  case  in  which  a  piece  of 
iron  or  steel  was  rendered  magnetic  by  a  flash  of  lightning,  several  occurred  under 
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drcimiBtaiioes  apparently  similar  in  which  no  mieh  eonseqaence  followed.  According^j, 
the  opinioa  at  length  began  to  prevail  amongst  philoaophen,  that  the  connection 
between  lightning  strokes  and  magnetic  results  did  not  stand  in  the  relation  of  cause  to 
effect — ^tiiat  it  was  a  coinddence,  and  nothing  more. 

At  this  time,  when  the  conditions  of  electro-magnetic  phenomena  are  so  well  under- 
wood, it  ezeltes  no  wonder  that  the  electrical  experiments  devised  by  philosophers  for 
letding  the  question  led  to  negative  results.  A  yioious  theory  perrsded  electrical  as  wdl 
ss  magnetic  science,  and  paralysed  the  power  of  investigation.  The  necessary  Amotion 
of  duality,  which  the  beautiful  reasoning  of  Faraday  has  made  an  integral  portion  of 
electrical  and  magnetic  study,  was  then  unknown.  Experimenters  believed  that  either 
northness  or  southness  in  a  magnet,  or  the  .condition  of  positive  or  negative,  as  regards 
electricity,  might  be  capable  each  of  an  individual  existence.  Actuated  by  this  doctrine 
they  contented  themselves  with  bringing  successively  each  of  the  terminal  ends,  or,  in 
cMiventiottal  language,  "^  poles,"  of  a  voltaic  combination  in  close  proximity  with  either 
end  or  pole  of  a  magnet.  But  the  magnetic  extremities  remained  perfectly  indifferent 
under  this  treatment.  The  north-pole  was  not  attracted— the  south-pole  was  not 
repellfed — nor  vice  fferta.  Hence,  the  deduction  was  arrived  at,  that  between  electricity 
and  magnetism  there  was  no  necessary  connection  whatever.  As  the  direct  consequence 
of  such  an  experiment,  the  result  could  not  be  otherwise  than  we  find  it ;  but  the 
wonder  now  is  that  the  true  conditions  of  electro-magnetic  development  should  not 
litve  been  discovered  collaterally,  or  by  accident  If,  instead  of  bringing  the  extremity 
of  each  terminal  wire  of  a  voltaic  arrangement  successively  near  to  either  pole  of  a  freely- 
suspended  magnet,  the  two  conducting  wires  of  the  voltaic  arrangement  had  been 
made  temporarily  one,  by  contact,  and  the  freely-suspended  magnetic  needle  held 
somewhere  in  the  vicinity  of  their  track,  then  the  secret  reserved  for  the  genius  of 
Oersted  to  discover,  in  1819,  would  have  been  anticipated  by  many  years. 

Notwithstanding  that  the  first  or  accidental  instances  of  communicated  magnetism 
by  electrical  agency  were  the  results  of  atmospheric  electricity,  which  latter  is  analo- 
gous in  its  functions  to  friotional  electricity,  as  produced  by  the  machine,  almost  all  of 
the  electro-magnetic  phenomena  capable  of  being  developed  artificially  require  the  aid 
of  voltaic  electricity.  However,  one  very  simple,  and  at  the  same  time  instructive, 
experiment  of  this  kind  admits  of  being  performed  by  means  of  the  frictional  machine; 
and  I  think  it  desirable  to  mention  it  at  once,  inasmuch  as  it  serves  to  create  a  true 
notion  of  dectro-magnetic  action  in  general.    The  experiment  is  as  follows : — . 

Having  procured  some  copper  or  brass  wire,  wind  it  round  a  stick  or  ruler  in  such 

a  manner  that,  on  slipping  out  the  latter,  the 

wire  may  remain  in  the  form  of  a  helix.    Next 

take  a  sewing-needle,  envelop  it  in  paper  (an 

imperfect  conductor),  lay  the  needle,  prepared 

'  as  described,  in  the  heUx,  and  transmit  through  the  whole  length  of  wire  constituting 

I  the  latter,  the  charge  of  a  Leyden  jar.     On  now  removing  the  needle,  and  testing  each 

j  extremity  in  the  usual  manner  by  means  of  a  suspended  magnet,  the  needle  will  be 

j  found  to  have  become  magnetic ;  indeed,  so  strongly  magnetic  is  it  usually,  that  by 

I  its  attraction  small  filaments  of  iron  may  be  raised. 

!        Now,  the  experiment  in  question  is  not  capricious.     Given  the  necessary  conditions, 
I  and  the  result  is  always  the  same  :  hence,  even  without  an  appeal  to  voltaic  combina- 
tions, by  means  of  which  alone  all  the  more  important  electro-magnetic  experiments 
are  capable  of  being  performed,  the  electrical  influence  of  a  common  Leyden  jar  8u£&qa& 
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to  proye,  contrary  to  the  opinion  of  some  electricians  before  the  time  of  Oersted's 
discoyery,  that  some  real  connection  exists  between  electricity  and  magnetism. 

A  little  reflection  will  proye  that,  in  the  experiment  just  described,  the  magnetie 
polarity  has  been  deyeloped  at  right  angles  to  the  helical  axis  of  the  copper  wire :  at 
right  angles,  in  other  words,  to  the  general  current  of  electricity  passing  through  the 
wire.  Now  this  is  uniyenal— no  matter  how  yaried  or  how  complex  the  electro- 
magnetic arrangement  may  be ;  and  a  remembrance  of  the  fact  is  an  essiential  point  in 
all  electro-magnetic  studies.  The  proposition,  reduced  to  its  simplest  expression,  is 
this :  "  All  eketrie  currents  have  a  Undeney  to  impart  magnetie  agency  to  dU  neighbouring 
bodies."  It  so  happens  that  iron  and  steel  are  easily  affected  by  this  influence ;  and 
hence  the  needle  is  conyerted  into  a  magnet. 

The  memorable  experiment  of  Professor  Oersted,  from  the  period  of  which  the  science 
of  electro-magnetism  dates  its  origin,  was  of  this  kind : — ^The  ends  of  a  yoltaic  battery 
haying  been  connected  by  means  of  a  terminal  wire,  so  that  the  current  of  electricity— 
to  use  the  language  of  theory — was  transmitted  from  one  end  to  the  other,  and  a 
freely-suspended  magnetic  needle  haying  been  brought  near  to  this  wire,  the  needle 
became  affected  with  all  manner  of  irregular  moyements.  When  the  wire  was  placed 
aboye  the  magnet,  and  in  parallelism  with  it,  the  pole  corresponding  with  the  negative 
end  of  the  battery  always  moyed  westward.  When  the  wire  was  placed  under  the 
needle,  the  same  pole  invariably  went  eastward.  When  the  wire  was  placed  on  the 
same  horizontal  plane  with  the  needle,  the  magnet  tried  to  assume  a  vertical  move- 
ment ;  the  pole  next  to  the  negative  side  of  the  battery  dipping  when  the  wire  was  to 
the  West  of  it,  rising  when  the  wire  was  placed  to  its  east  side. 

Doubtless,  the  student  will  think  all  these  moyements  complex  and  irreg^ular,  as, 
indeed,  did  M.  Oersted,  and  all  the  earlier  electro-magnetic  philosophers.  Then  is  a 
very  easy  means,  however,  of  reducing  them  to  lucid  order.  It  is  as  follows : — ^Let  the 
theory  of  one  electric  fluid  be  adopted ;  let  us  agree  to  call  the  end  of  the  yoltaic 
arrangement  from  which  the  electric  current  sets  out  on  its  course,  positive,  and  the 
other  end  negative :  next,  let  the  student  imagine  himself  to  be  an  electric  conductor, 
capable  of  transmitting  the  electric  current,  which  must  be  furthermore  assumed  to 
pass  from  the  direction  of  his  head  to  his  feet ;  then  supposing  him  to  hold  a  magnet 
in  his  hand,  directly  in  front,  and  the  north  pole  of  the  magnet 
pointed  towards  the  head— then,  all  these  conditions  being  complied 
with,  if  a  current  of  electricity  be  passed  in  the  direction  indicated, 
the  north  pole  of  the  magnet  will  point  to  the  right  hand. 

Any  means  which  exist  for  impressing  directive  notions,  so  appa- 
rently complex  as  are  those  of  a  magnetic  needle  under  the  influence 
of  an  electric  current,  on  the  memory,  may  be  with  propriety  adopted, 
even  though  the  apparatus  of  illustration  should  be  a  toy.  I  would 
advise  the  student,  therefore,  who  is  desirous  of  analyzing  the 
apparently  complex  motions  of  magnetic  needles  with  facility,  to 
prepare  a  toy  of  the  following  description : — Cut  the  representation 
of  a  soldier  out  of  cork  or  wood ;  arm  him  with  a  musket  and  bayonet 
Assume  the  musket  and  bayonet  together  to  be  a  magnet,  of  which 
the  bayonet  is  the  north  pole.  Assuming,  furthermore,  that  a  current  of 
electricity  passes  through  the  soldier  in  the  direction  from  head  to  heels, 
then  the  bayonet  should  always  turn  to  the  right  hand.  If  the  student  will  take  the 
trouble  to  construct  the  original  arrangement  of  Professor  Oersted,  and  test  the  appa- 
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lently  anomalous  moyements  noticed  by  that  philosopher,  he  will  find  them  all  to  be 
'stricUy  accordant  with  the  directive  tendency  of  the  magnet,  as  illustrated  by  the  toy 
soldier.  It  is  to  be  remarked  that  in  both  Oersted's  experiment,  and  the  experiment  with 
the  sewing  needle  and  wire  helix,  the  magnetic  phenomena  are  the  result  of  electricity  in 
motion.  This  circumstance  is  universal;  static  electricity,  or  electricity  at  rest, 
produces  no  magnetic  effects  whatever.  Another  peculiar  characteristic  of  electro- 
magnetio  phenomena  is  that  the  influence  takes  place  across  non-conducting  materials. 
The  influence  of  Oersted's  uniting  wire  takes  effect  through  plates  of  glass,  wood, 
metal,  and  the  resinous  plate  of  an  elcctrophorus. 

The  GalTanometer. — It  has  been  said  that  the  tendency  of  an  electric  current 
is  to  cause  a  freely  suspended  magnetic  needle  in  its  vicinity  to  assume  a  position  of 
final  rest  at  right  angles  to  the  former.  The  exact  amount  of  deflection,  however,  is 
proportionate  to  the  strength  of  the  voltaic  battery.  Far  more  valuable,  however,  is 
the  indication  of  directive  tendency  which  a  magnetic  needle  discloses  :  it  proclaims 
the  direction  in  which  the  electric  current  is  passing ;  or,  to  avoid  the  language  of 
theory,  it  shows  practically  the  direction  in  which  +  and  —  electricity  are  respectively 
developed.    A  single  wire,  as  in  Oersted's  original 

experiments,  will  serve  to  indicate  this ;  but  if  the  "~  ^    0"*" 

wire  be  made  to  surround  the  needle,  the  effect  is    «  !i      * 

still  more  marked.  An  instrument  of  this  kind  is 
represented  in  the  accompanying  diagram,  and  con- 
stitutes the  galvanometer  in  the  simplest  form  the 
instrument  can  assume. 

We  are  indebted  to  Schweigger  for  discovering 
a  means  of  enormously  increasing  the  delicacy  of 
this  instrument.  This  philosopher  proved  that  the 
amount  of  deflection  was  proportionate  to  the  total 
number  of  insulated  coils  of  which  the  rectangle  might 

be  formed ;  hence  the  most  sensitive  galvanometers  are  those  which  are  constructed  on 
this  principle.  I  have  hitherto  assumed  that  a  simple  magnetic  needle  has  been 
employed  in  the  experiments ;  but  reflection  will  manifest  that  such  a  needle  not  only 
responds  to  the  artificial  influence  determined  by  electricity,  but  to  the  primary 
influence  of  terrestrial  magnetism.  When,  therefore,  it  is  desired  to  render  the  gal- 
vanometer as  delicate  as  possible,  a  compound  magnetic  needle,  termed  astaticy  is 
employed.     A  compound  or  astatic  magnetic  needle  is  constituted  of  two  simple 

needles  of  equal  strength,  separated  slightly  from 
^  I  each  other,  and  the  north  pole  of  one  exactly 

•  opposite  the  south  pole  of  the  second,  as  it  is 

represented  in  the  accompanying  diagram. 

Such  a  combination  as  the  one  now  described  would  have  no  directive  tendency 
▼hateyer  as  regards  the  earth's  magnetic  influence;  but  it  would  be  nevertheless 
amenable  to  the  influence  of  an  electric  current.  Practically,  however,  it  is  found 
desirable  to  have  one  of  the  magnets  a  little  stronger  than  the  other,  by  which  pro- 
viBion  it  retains  sufficient  directive  tendency  to  place  itself  north  and  south,  but  not 
enough  to  interfere  seriously  with  the  indications  of  the  electric  current. 

The  diagram  given  on  the  following  page  represents  a  galvanometer  in  its  most 
approved  form.  For  the  purpose  of  isolating  the  instrument  from  passing  currents, 
and  other  causes  of  interference,  it  is  protected  by  a  glass  shade ;  and  the  torsion 
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of  a  fiilken  fiUment,  as  in  the  torsion  electrometer  alzead  j  dewsribed,  is  employed  as  a 
restraining  foree. 


The  influence  of  a  wire  conducting  electricity  on  a  freely  suspended  magnet  is 
suggestive  of  the  idea  that  the  conductor  itself  is,  whilst  in  action,  also  magnetio ;  tnd 
the  truth  of  this  assertion  was  demonstrated  almost  at  the  same  time  by  Bayy  and 
Arago.  So  strongly  magnetic,  indeed,  is  it  susceptible  of  becoming,  that  its  power  of 
lifting  iron  filings  is  considerable.  Moreover,  various  forms  of  apparatus  admit  of 
being  constructed  to  illustrate  the  directive  tendency  of  such  wire  magnets.  Of  this 
kind  are  the  following : — 

A  circular  copper  wire,  having  its  extremities  passed  through  a  cork,  and  to  coo 
extremity  soldered  a  small  plate  of  zinc ;  to  tfas 
other,  a  small  plato  of  copper.  The  arrangement, 
as  will  bo  seen,  constitutes  a  simple  floating  voltuc 
combination.  It  can  readily  be  excited  by  floating 
it  in  dilute  sulphuric  acid,  and  will,  of  course,  be 
free  to  assume  any  directive  tendency.  On  causing 
either  pole  of  a  magnet  to  approach  this  little 
apparatus  on  different  sides,  the  floating  combins- 
tion  will  manifest  various  phenomena  of  attraction  and  repulsion,  all  explicable  on  the 
principles  already  enunciated.  The  instrument  admits  of  being  rendered  still  more 
delicate  by  covering  the  "wire  with  some  non-conducting  substance,  and  reduplicating 
the  number  of  turns  on  the  principle  of  the  improved  galvanometer.  Such  an  improved 
instrument  is  represented  on  the  following  page. 

The  magnetic  characters  of  wires  in  the  act  of  transmitting  electric  currents  may 
be  also  readily  demonstrated  by  means  of  forms  devised  by  Ampere,  and  represented 
in  the  following  cut.  The  forms  of  apparatus  in  question  may  be  delicately  suspended 
or  converted  by  means  of  pieces  of  cork  and  metallic  plates  into  floating  arrange- 
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ments,  similar  in  principle  to  the  one  described  in  the  present  number.   Thus  arranged, 

the  flat  spirals  win  always  arrange  themselyes 

in  the  direction  of  north  and  south ;  one  definite 

Bide  of  the  coil  always  corresponding  to  one 

invariable  direction  of  the  electric  current. 

In  conformity  with  principles  already  enun-       * —      i  ^  -^     ^ 

ciacted,  each  coil  of  the  flat  helices  may  be 

regarded  as  a  separate  magnetic  pole ;  therefore 

it  will  readily  be  seen,  that  in  proportion 

as  the  number  of  coils  is  increased,  so  in  equal  measure  will  be  the  amount  of  directiye 

tendency. 

Mutual  Effects  of  PanJlel  Electiie  Cunents. — We  have  seen,  under  the 
head  of  electricity  considered  as  a  'static  force,  that  is  to  say  considered  as  at  rest, 
that  two  similarly  electrified  bodies  are  mutually  repulsive  of  each  other ;  it  now 
remains  to  examine  the  mutual  influence  of  electrical  currents  on  conducting  bodies 
which  transmit  them.  The  simplest  case  is  that  of  parallel  electric  currents,  the 
result  of  passing  electricity  through  which,  in  the  same  direction,  is  mutuhl  attrac- 
tion.   The  reason  of  this  will  be  seen  on  examination  of  the  following  simple  illus- 
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tration,  in  which  the  left  sides  of  the 
wires  A  B  and  C  D  respectively  "assume 
a  north  magnetic  polarity,  and  the  cor- 
responding right  sides  a  south  magnetic 
polarity.  The  left  and  right  handedness 
are  obviously  determined  by  reference  to  the  direction  of  the  passing  electrical  current, 
indicated  in  the  diagram  above  by  the  arrows.  Now  it  is  accordant  with  one  of  the 
first  laws  of  magnetism  that  the  opposite  poles  of  any  two  magnets  should  be  mutually 
attractive ;  hence  the  two  wires  performing  the  functions  above  represented  would 
approach  each  other. 

The  result  in  question  has  been  made  the  basis  of  a  philosophical  theory — ^the  theorj- 
of  muscular  contraction  of  MM.  Prevost  and  Dumas,  and  it  at  least  is  more  satisfactory 
than  several  others  which  have  been  adduced  in  explanation  of  the  phenomenon. 
Certain  postulates  must  be  granted  before  the  electro-magnetic  theory  of  muscular  con- 
traction can  be  accepted.  Electricity  must  be 
assumed  as  identical  with  nervous  energy.  The 
nerves  distributed  to  muscular  tissue  must  be 
assumed  to  diverge  in  parallel  lines  at  right  angles 
to  the  muscular  tissue.  Granted  the  above  pos- 
tulates— granted  the  existence  of  arf  arrangement 
of  nerves  and  muscular  filaments,  as  represented 
ia  the  diagram  annexed — granting  the  transmis- 
sion of  electricity  as  shown  in  the  engraving,  it  is 
erident  that  the  muscular  tissue  should  contract. 
It  is  scarcely  necessary  to  indicate  the  fact, 
that  if  two  wires,  near  together,  parallel  to  each 
other,  and  free  to  move,  have  electricity  directed 
through  them  in  a  parallel  direction,  though  in  reverse  order— that  is  to  say,  if  one 
wire  be  made  to  transmit  a  current  of  electricity  from  right  to  left,  whilst  the  second 
is  made  to  transmit  it  in  the  direction  from  left  to  right — ^repulsion  will  be  the  conso.- 
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neither  will  it  be  desirable  to  inyestigate  the  numerous  phenomena  which 
can  be  made  to  manifest  themselves,  under  the  circumstances  of  the  employment 
of  two  or  more  conducting  wires  near  to  each  other  on  various  aspects.  Suffice  it  to 
remark,  that  in  this,  as  in  every  other  instance  of  the  co-operation  of  numerous 
mechanical  forces,  the  effect  is  referable  to  a  mean  resultant  of  the  whole. 

We  have  hitherto  seen  an  electric  current  manifesting  different  magnetic  powers 
under  different  aspects.  When  first  remarked,  these  varying  influences  appear  very  com- 
plex. We  may  contrive,  by  means  of  a  memoria  techniea^  to  systematise  them,  but  they 
admit  of  still  further  simplification.  Heferring  to  the  experiment  described  at  page  263, 
it  will  be  seen  that  the  strongest  possible  similarity  subsists  between  a  spiral  wire,  con- 
ducting electricity,  and  a  magnet ;  therefore  an  idea  is  at  once  suggested  that  electro* 
magnetism  is  a  spiral,  or  rather  a  tangential  force.  This  view  of  the  subject  removes 
many  difficulties.  At  the  period  of  the  original  discovery  of  Oersted,  and  for  some  time 
subsequently,  the  idea  prevailed  that  a  force  at  one  time  attractive,  and  at  another  time 
repulsive,  acted  in  straight  lines  between  the  magnet  and  the  conducting  wire.  The 
opinion  soon  afterwards  began  to  gain  ground,  that  such  numerous  attractions  and 
repulsions,  ever  varying,  were  more  nearly  suggestive  of  rotation.  A  well-devised 
experiment  of  Professor  Faraday  soon  brought  the  opinion  to  the  test,  and  settled  the 
point  affirmatively.    The  experiment  was  as  follows : — 

A  glass  cup  had  its  bottom  perforated,  and  through  the  perforation  was  let  the  con- 
ducting wire,  d  C.  To  this  the  south  pole  of  a  magnetic  bar,  n  S, 
was  attached  by  means  of  a  piece  of  thread,  and  the  cup  beirg 
filled  with  mercury,  the  magnetic  bar  of  course  floated.  The 
conductor  a  b  was  now  caused  to  dip  into  the  mercury,  and  a 
current  of  electricity  transmitted  along  the  conductor  in  the  direc- 
tion of  the  arrow,  so  that  the  current  entered  at  a,  and  emerged 
at  d,  No  sooner  was  electrical  connection  established  than  the 
magnetic  bar  commenced  rotating  around  the  bar  ab.  So  long  as 
the  electric  current  descended  in  accordance  with  the  diagram, 
the  north-pole  of  the  magnetic  bar  remaining  upwards,  the  latter 
rotated  round  the  wire  a  b,  passing  from  east  to  south  exactly  like 
the  movements  of  the  hands  of  a  watch ;  but, 
on  causing  the  electric  current  to  ascend, 
the  direction  of  the  magnet  was  changed. 
Faraday's  next  experiment  was  made  for  the  purpose  of  de- 
monstrating that  a  conductor  would  rotate  around  a  magnet.  A 
magnet,  the  north-pole  of  which,  n,  is  represented  uppermost  in 
the  diagram,  was  placed  upright  in  a  cup  full  of  mercury,  and 
in  communication  with  the  conducting  wire  d,  running  through 
the  bottom  of  the  vessel.  The  moveable  conductor  a  b  was  then 
caused  to  dip  into  the  mercury,  and  an  electric  current  being 
passed,  it  was  found  that  the  moveable  conductor  rotated  around 
the  magnet  in  the  direction  of  left  to  right,  or  right  to  left, 
according  as  the  electrical  current  was  caused  to  pass  upwards 
or  downwards  in  the  series. 

By  means  of  these  and  similar  experiments,  it  is  demonstrated  that  a  magnet  is  in- 
clined to  rotate  in  a  plane  perpendicular  to  the  electric  current  which  influences  it; 
and  this  result  is  most  simply  explained   by   assuming  the   operation  of  a  force 
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ar  ting  upon  the  polo  at  every  point  of  its  courae  tangeatially  to  the  circle  in  which  it 

By  usbxg  a  delicate  appoiatua,  the  magnetic]  pole  of  the  eax-th  may  be  made  to  put 
the  idjie  in  motion.  The  rotation  then  takea  plaoo  around  a  line  parallel  te  tho 
dipping  needle  ;  he  nee  the  rotatory  iriro  tnust  always  be  inclined,  ao  that  the  solid  it 
describes  in  revolriiig)  if  a  eone  and  not  a  mere  circloi  should  include  a  line  paraJIeL  to 
the  dip  wMch  passes  through  its  apex. 

Another  ingcnioua  contrivance  for  illuitrating  the  totatorjr  moticm  of  the  wire 
zouiid  the  pole  of  a  magnet^  has  been  invented  bj  M.  Ampere,  and  ha^  the  advantage 
of  comprising  witMn  itself  the  voltaic 
combination  wHeh  is  employed.  It 
csjnai&ts  of  a  cylinder  of  copper  about 
two  inches  high,  and  an  inch  and 
three-qiiiirterfl  internal  diameter,  hav- 
ing witMn  a  smaller  cylinder  about 
one  inch  in  diameter. 

The  two  cylinders  are  fixed  toge- 
ther hy  the  larger  having  a  hole  cut 
in  its  centre  from  below,  the  size  of 
the  smaller  eyliuderf  leaving  a  circular 
cellj  whi^h  may  he  filled  with  acid* 
A  piece  of  strong  copper  wire  ia  fas- 
tened across  the  top  of  the  inner  cylin- 
der, and  from  the  middle  of  it  rises, 
at  a  right  angle,  a  piece  of  copper 
wire,  BUpporting  a  very  small  metal 
cup,  coataining  a  few  globules  of 
mercury.  A  cylinder  of  zinc,  open 
at  each  ond,  and  about  one  and  a-half 
inch  in  diameter,  eomplotes  the  voltaic 
combination*  To  the  latter  cylinder  a  wire^  bsnt  like  an  inverted  IF,  is  soldered  at  oppositG 
Bides  ;  and  in  the  hend  of  this  wire  a  metallic  point  is  fixed  which,  when  fitted  in  the 
little  cup  of  mereury,  suspends  the  fine  cylinder  in  the  cell,  and  allows  a  free  circulaT 
motion.  An  addition. to  this  apparatus  was  «!uggefirted  by  Mr.  BarloWj  and  constructed  by 
Mr»  Newmaiij  who  fixed  an  additional  point,  directed  downward  from  the  central  part 
of  the  flironger  wire,  which  point  is  adapted  to  a  small  hole  at  the  top  of  a  bar  mngnet. 
When  the  apparatus  with  ontt  point  only  is  charged  with  diluted  acid,  and  brought 
into  cnmraimication  with  the  end  of  the  magnet^  placed  vertically,  the  zinc  cylinder 
reyiolvcs  in  a  direction  determined  hy  the  magnetic  pole  which  ia  uppermost.  With 
two  points  the  copper  revolves  in  one  direction^  the  zinc  lu  a  contrary  one.  The 
magnet  employed  in  the  experiment  requirea  to  be  powerful. 

Ampere's  Tlieaiy  of  BtftgneUam* — The  general  similarity  of  properties  sub^ 
sisthig  between  a  spiral  conductor  in  the  act  of  giving  passage  to  electricity,  and  a 
magnet,  led  to  a  peculiar  theory  of  magnetism,  by  M.  Ampere.  He  assumes  that  the 
polarity  of  magueta  is  referable  to  tho  circulation  within  them  of  electric  currenta 
continually  traversing  the  molecules  of  which  they  are  composed,  m  planes  parallel  to 
their  axes.  Similarly  be  imagines  the  existence  of  electric  cmrents  in  the  earth ;  but 
more  particularly  on  its  surface,  in  the  direction  of  cast  to  west,  in  planes  parallel  to 
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A  eaoae  oC  tbc-  rnttenrr^  of  ncii  cuucbU  he  imniuKJi  to  be  tliB 
heatu:?  mfluence  of  tiie  suo's  rays;  for  it  elunild  be 
■estkned,  in  aaticipstioii  of  the  lalject  of  tiienao- 
ekctnettr,  that  heat  is  one  great  caon  of  dectrieal  ex- 
citatioiL 

Acting  npoQ  the  suggeitioiit  of  Ampdre^s  theorj,— 
that  magnets  are  connecting  bodiea  throng  which  dee- 
tricity  poMpe  in  a  spiral  direetiaB, — dectiicity  haa  been 
i^iplied  to  the  formation  of  temponrr  magnets  of  enannons 
]}f»wer.  For  the  purpose  of  making  thew  strong  magnets, 
ban,  either  straight  or  bent  in  the  Ibim  of  a  horae-ahoev  ol 
soft  iron  are  used, — a  material  which  assumes  the  magnetic 
influence  much  more  readil j  than  sted ;  bat  not,  like  the 
latter,  giving  rise  to  permanent  magnets. 
Fig,  A  reprcifcnts  au  Instrument  of  this  kind.  To 
avoid  complexity  of  iliustratiQn,  the  wire  (insulated)  is 
represented  as  consisting  of  a  single  layer :  the  power  of 
the  instrument,  however,  is  greatly  increased  by  laying 
layer  over  layer  on  the  insulated  wire ;  the  two  leries  of 
wire-ends  being  collected  each  into  one  metallic  combina- 
ti^>ii,  as  represented  in  the  diagram. 

Blacii^to-Electxic  Phono]iiena.~Aftcr  the  direct 
relation   iiubsisting    between   electricity  and  magnetism  Fig.  A. 

hud  been  experinientuUy  demonstrated,  it  occurred  to  yarioua  philosophers  to  imagine 
that  Jill  inverse  order  of  mutiuil  dependence  might  possibly  be  made  apparent ;  that, 
as  nuignetisui  had  been  developed  by  electricity,  so,  conversely,  electricity  might  be 
dev(;l()i>ed  from  magnetism.  Now,  a  metallic  wire,  made  to  serve  as  a  yoltaie  con- 
(iu(5tor,  is,  OS  we  havo  already  demonstrated,  a  magnet  whilst  the  current  is  paasisg; 
therefore  several  of  the  phenomena  comprehended  under  the  head  magneio-eleetric  admit 
of  two  forms  of  expression,  the  meaning  remaining  imaltered.  The  resulting  elec- 
tricity may  bo  said  to  be  induced  by  the  influence  of  another  current  of  electricity,  or  it 
may  bo  said  to  bo  iuduced  by  a  magnet. 

For  the  flrst  development  of  maffneto-electricitj/  we  are  indebted  to  Mr.  Faraday, 
who,  reflcotiug  on  the  effects  of  induction  as  caused  by  electricity  at  rest,  was  led  to 
uxumlne  whether  induction  might  not  also  result  from  electricity  in  motion.  One  of 
his  llrst  experiments,  performed  with  the  object  of  determining  this  question,  was  of  the 
following  kind* :— A  copper  wire  203  feet  long  was  formed  into  a  helix  by  winding  it 
round  a  wooden  roller ;  a  second  helix,  equal  in  length  to  tho  first,  was  also  formed  on 
the  same  roller,  in  such  a  manner  that  the  threads  of  each  helix  were  mutually  inter- 
posed. .  The  wires  of  both,  however,  being  insulated,  there  was  no  metallic  contact  between 
tho  two.  Tho  ends  of  one  of  these  helices  being  placed  in  communication  with  a  yoltaie 
buttery,  and  tho  ends  of  tho  other  in  connection  with  a  galvanometer,  a  toltaic  current 
was  puasod.  Immediately  tho  current  began  to  flow,  the  magnetic  needle  of  the  galva^ 
numotor  was  deflected,  and  the  deflection  was  repeated  as  soon  as  the  contact  was  broken. 
Between  tho  two  periods  in  question,  however,  the  galvanometer  was  not  inflnenoed* 
A  repetition  of  this  experiment  demonstrated  the  fact  that  an  electric  current,  tnms* 
mittiHl  ih>m  a  voltaio  battery  through  a  wire  helix,  only  induces  a  current  in  tbe 
•  ••  PhU.  Trans.,"  1831. 
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Mooiated  helix  at  the  moments  of  making  and  breaking  oontact.  In  the  former  case, 
he  direction  of  the  induced  current  is  opposed  to  the  one  which  induces  it ;  in  the 
atter  ease,  it  is  the  same. 

One  of  the  next  experiments  performed  in  this  line  of  illustration  was  the  following : — 
L  ring  of  sofL  iron  was  taken,  and  enveloped  in  two  spiral  copper  wires,  as  represented 
in  the  diagram,  each  wire  being  insulated.  Of  these 
spirals,  the  ends  of  one  {a  b)  were  arranged  for  attach- 
ment with  a  voltaic  combination ;  whilst  the  ends  of 
the  other  spiral  {c  d)  were  placed  conveniently  for 
attachment  with  a  galvanometer.  A  voltaic  current 
being  now  caused  to  circulate  through  the  spiral  a  b, 
the  galvanometer-needle  was  immediately  deflected. 
When  both  helices  were  in  the  same  side  of  the  ring, 
the  amount  of  deflection  was  still  greater. 

A  more  convenient  form  of  experiment  consisted 
in  winding  the  two  helices  on  a  cylinder  of  pasteboard,  and  connecting  their  ends 
respectively  with  a  voltaic  battery  and  a  galvanometer,  as  before.  On  establishing  a 
voltaic  current,  the  galvanometer  was  again 
strongly  deflected.  On  breaking  the  contact 
there  was  a  similar  result ;  the  existence  of 
the  electric  current  being,  in  either  case, 
rendered  evident  by  interrupting  the  metallic 
circuit  through  the  wire,  when  a  spark  was 
seen  in  the  interrupted  space.  At  the  pre. 
sent  time  these  magneto-electric  machines 
are  very  common ;  the  electric  current  being 
generated  not  by  alternately  making  and 
breaking  contact  with  a  magnet,  but  by 
causing  an  armature  or  keeper,  furnished 
with  an  insulated  helix,  to  revolve  very  near  to  the  poles  of  a  horse-shoe  magnet.  The 
arrangement  in  question  is  delineated  in  the  accompanying  diagram. 

IHa^BSagnetic  Phenomena. — The  tendency  of  iron  to  be  attracted  by  a  magnet 
long  seemed  to  be  an  exclusive  property  to  which  no  other  body  could  lay  claim :  at 
length  the  metal  nickel  was  admitted  to  participate  in  this  quality,  though  to  a  lesser 
de^e;  and  philosophers  began  to  suspect  that  other  bodies  might  be  similarly 
endowed.  To  demonstrate  the  existence  of  this  quality,  however,  was  by  no  means 
easy,  for  the  argument  of  the  existence  of  iron  as  an  impurity  might  be  adduced,  and, 
sonsidering  the  great  extent  to  which  this  metal  is  diffused,  not  without  plausibility. 

The  merit  of  proving  the  metal  nickel  to  be  similarly  endowed  with  iron  as  a 
magnetic  agent  is  referable  to  M.  Biot.  That  philosopher  demonstrated  not  only  the 
capability  of  this  metal  to  be  magnetically  attracted,  but  the  existence  of  a  real 
magnetic  i)olarity ;  and  furthermore  discovered  the  ratio  of  that  polarity  by  comparison 
with  an  ordinary  magnetic  needle  of  steel.  He  found  the  directive  force  of  the  needle 
of  nickel  to  be  about  one-third  that  of  the  needle  of  steel.  These  needles  were  each 
eight  inches  long,  and  two-tenths  of  an  inch  wide.  Each  weighed  about  five  grains. 
In  order  to  avoid  all  disturbance  from  the  presence  of  iron,  the  nickel  of  which  the 
needle  was  made  had  been  carefully  prepared  by  M.  Thenard. 

Thus  the  idea  long  entertained  by  philosophers,  that  iron  was  the  only  metal  sus- 
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ceptible  of  magnetic  influences,  was  rendered  untenable.  The  experiments  of  M. 
Cavallo,  which  soon  followed  those  of  M.  Blot,  increased  the  list  of  ordinofnly  magnetic 
substances  by  adding  to  them  brass  (especially  brass  rendered  hard  by  hammering) ; 
and  also,  imder  certain  conditions,  rhodium,  iridium,  and  antimony. 

The  term  ordinarily  magneticj  employed  above,  requires  a  word  of  explanation.  "We 
shall  see  hereafter  that  although  the  property  of  being  magnetically 
influenced  is  one  common  perhaps  to  all  bodies,  nevertheless  the  kind 
of  influence  diflcrs.  A  suspended  bar  or  needle  of  iron  is  attracted 
to  either  pole  of  a  magnet  indifferently ;  and,  as  a  consequence  of 
this  property,  if  placed  between  the  two  polar  ends  of  a  horse-shoe 
magnet,  such  a  bar  will  dispose  of  itself  axially,  to  use  the  recog- 
nised term ;  that  is  to  say,  will  place  itself  longitudinally  between 
the  two  poles,  as  represented  by  ^e  accompanying  diagram. 

Such  is  the  normal  condition  of  an  iron  or  steel  needle  placed 
imder  the  conditions  described;  and  the  result  may  be  assumed 
as  the  type  of  ordinary  magnetic  influences.  But  if  we  should 
And  hereafter— as  will  be  the  case — that  certain  bodies  exist  which  if  suspended 
similarly  between  the  poles  of  a  horse-shoe  magnet,  or  in  the  magnetic  field,— to 
use  the  language  of  philosophy, — arc  not  indifferent  to  the  polar  influences  of  that 
field,  but  nevertheless  do  not  place  themselves  in  a  similar  position  to  a  needle  of  iron 
or  steel — ^then,  although  we  must  recognise  the  existence  of  a  magnetic  influence,  some 
name  must  be  devised  to  distinguish  it  from  the  phenomena  of  ordinary  magnetisin. 
Accordingly,  where  it  was  formerly  the  custom  to  divide  bodies  into  magnetic  and 
non-magnetiC|  they  are  now  divided  into  magnetic  and  d^ta-magnetic :  all  bodies 
which  demean  themselves  under  magnetic  influences  like  iron  or  steel  being  distin- 
guished by  the  former,  and  all  others  by  the  latter  appellation.  Magnetic  bodies, 
when  freely  suspended  between  the  poles  of  a  magnet,  assume  an  axial  condition  of  rest, 
— ^in  other  words,  they  place  themselves  lengthwise  between  the  two  poles.  Dia- 
magnetic  bodies,  similarly  suspended,  assume  the  equatorial  condition  of  rest — ^in  other 
words,  they  place  their  length  at  right  angles  to  the  line  joining  the  two  magnetic 
poles. 

Now  that  the  universal  susceptibility  of  ponderable  bodies  to  magnetic  influences  is 
so  incontrovertibly  demonstrated,  it  may  seem  remarkable  that  the  discovery  was  not 
made  before ;  but  the  investigation  was  beset  with  many  impediments.  The  earlier 
experimenters  in  this  direction  were  embarrassed  by  doubts  lest  the  materials  em- 
ployed might  not  contain  iron  ;  chemical  science  not  being  adequate  to  guarantee  the 
total  absence  of  that  metal.  Moreover,  until  the  science  of  electro-magnetism  had 
been  established  on  a  firm  basis,  and  the  power  of  readily  creating  energetic  magnets 
made  known,  the  number  of  experimenters  having  facilities  for  conducting  the  neces- 
sary investigations  was  comparatively  small.  Amongst  the  first  who  doubted  the 
truth  of  the  conventional  division  of  bodies  into  magnetic  and  non-magnetic  was 
Coulombe,  who  so  early  as  1802  began  to  investigate  the  results  of  suspending  needles 
of  various  substances  in  the  magnetic  field.  He  arrived,  however,  at  a  false  condusioD. 
Admitting  the  imiversal  influence  of  magnetism  on  needles  thus  suspended,  he  fancied 
that  infiuence  to  be  of  the  same  kind  as  is  manifested  on  an  ordinary  iron  needle.  It 
is  needless  to  indicate  that  his  opinion,  if  borne  out,  would  have  been  incompatiUe 
with  the  philosophy  of  dia-magnetism. 

The  experiments  of  Coulombe  were  followed  up,  and  varied  by  the  Abbe  Hauy, 
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ithouty  hoir«yer,  leading  to  any  positiye  conclusions.  Subsequently  the  same  lino 
I  lAYeetigation  was  entered  on  by  Becquerel,  who  made  the  important  discovery  that 
Bedles  of  white  wood  and  of  gum-lac,  when  suspended  in  the  magnetic  field,  assumed 
16  equatorial  condition  of  rest.  This  may  be  considered,  then,  as  the  first  beginliing 
t  the  acienoe  of  dia-fnagnetism.  The  investigation,  however,  of  dia-magnetic  rdations 
B8  been  followed  up  with  the  greatest  ardour  and  success  by  Professor  Faraday,  to 
'horn  we  are  indebted  for  so  many  contributions  to  our  knowledge  of  the  forces 
rhioh  actuate  matter. 

To  expatiate  further  on  the  phenomena  of  magnetism  and  dia-magnetism  would 
)ad  me  too  fiir  from  the  domains  of  chemistry  to  be  consistent  with  the  object  of  this 
ceatise.  Suffice  it  to  remark,  that  on  submitting  bars  of  various  substances  to  the 
ifluence  of  the  magnetic  field,  iron,  nickel,  and  cobalt,  all  point  azially ;  probably 
Itanium,  platinum,  and  palladium  are  in  the  same  category ;  but  all  the  other  metals, 
ntimony,  bismuth,  copper,  gold,  &c.,  place  themselves  at  right  angles  to  the  lines  of 
nagnetic  force ;  they  are  repelled  by  either  magnetic  pole,  and  finally  assume  an 
qoatorial  condition  of  rest ;  in  other  words,  they  are  dia-magnetic. 

XTndemeath  is  a  tabular  view  of  bodies  arranged  according  to  their  relations  to 
oagnetie  force. 


Hagkztic  Bodies. 

Bia.Maonetic  BoDnts. 

Iron             Cerium 

Bismuth 

Cadmium    Silver 

Uranium 

Nickel          Titanium 

Antimony 

Sodium       Copper 

Khodium 

Cobalt          Palladium 

Zinc 

Mercury     Gold 

Iridium 

Manganese   Platinum 

Tin 

Lead           Arsenic 

Tungsten 

Chromium    Osmium 

It  may  be  as  well,  before  finally  dismissing  the  subject  of  magnetism^  to  remark, 
hat  it  is  often  a  point  of  some  importance  in  chemical  investigations  to  determine 
fhether  a  mineral  be  endowed  with  the  power  of  magnetic  attraction  and  repulsion. 

This  is  usually  e£fected  by  bringing  it 
near  to  one  of  the  poles  of  a  freely  sus- 
pended magnetic  needle  to  be  examined. 
Far  more  delicate  in  its  results,  however, 
is  the  plan  suggested  by  Professor  Wheat- 
stone,  which  is  as  follows : — ^Take  a  some- 
what powerful  bar  magnet,  fix  it  upright 
(it  matters  not  which  pole  is  uppermost) ; 
then  lay  flat  upon  it  a  thin  disc  of  writing 
paper.  Next  take  adelicate  sewing-needle, 
break  off  its  eye,  and  place  it  point  down- 
ward vertically  upon  the  disc  of  writing 
aper.  Probably  the  needle  may  at  first  take  a  slanting  direction,  but  a  point  may  usually 
9  discovered  upon  which  the  needle  will  stand  upright.  "Bj  gradually  lifting  the  disc  of 
ftper  upward  it  becomes  evident  that  the  magnetic  force  operating  upon  the  needle,  and 
mding  to  restrain  it  in  the  vertical  position,  will  become  less  and  less,  until  at  length 
distance  is  attained,  at  which  the  needle  is  so  delicately  poised  that  it  responds  by 
sfleotion  from  side  to  side  to  the  slightest  magnetic  influence. 

Electxicity  as  a  MotiTe  Force. — At  periods  very  early  in  the  history  of 
.ectrical  science,  the  expectation  was  indulged  that  it  might  be  susceptible  of  practical 
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applicstaon  u  t  fmriutniatl  force ;  nor,  ooiuideriiig  tha  ultitnste  nktkn  }fe/immli  tiie 
niTstenoQS  agent  and  the  dtflBerent  fomiB  of  poDderable  mctter,  did  Hid  ^fpbAm  Mm 
lumaaonaUe.  The  Terj  earliest  electrical  eKperinMotB^-tiioie  hitDlyiag  ftiitfanl 
eAadtikatf — only  maaifeet  Hie  phenomena  of  attraction  and  mpvAmaa  iwtwwa  wlmJit 
paztidbit  acoording  to  fixed  laws,  and  at  the  operator's  will.  Hkm  liMse  toaiitiaug  are 
wliat  the  meehanusian  would  desire  as  the  neoeaaary  ekmenta  in  the  generatioB  of  a 
medtanieal  foroe.  CArm.  the  practical  conditions  of  attraotioa  and  repulsioB  al  Ihe 
operator's  will,  the  only  remaining  desiderata  would  be  a  sufficiency  of  finee  aad  a 
degree  of  ecoaoiay  compatible  with  the  necessitiea  of  woiking  expeases.  UnfiRtanttely, 
the  force  of  eledhie  attraction  and  repulsion  is  deficient  in  both  these  reqtdsites.  fti 
ppirer  is  not  only  inoossiderable,  but  the  expense  of  generating  that  power  wmild  he  loe 
great  for  practieal  eoonomy. 

.  The  next  idea  relatiye  to  the  employment  of  eleetricity  as  a  awchanlaal  fbroe  dales 
from  ihe  period  when  Cavendish,  by  the  synthetical  experiment  of  igniting  oxygen  aai 
hydrogen,  proved  that  water  resulted  from  Ihat  combination.  The  Bnggestkn  vas 
made  of  confining  a  mixture  of  oxygen  and  hydrogen,  in  the  proportian  o#  oim  vofaae 
of  the  former  and  two  of  the  latter,  in  a  cylinder,  equivalent  in  fiinction  to  dm  cteam- 
cngine  cylinder,  and  igniting  the  mixture  by  agency  of  the  electric  sparkt  TIm'IvmI* 
mcnt  in  question  is  immediately  suggested  by  the  instrument  tenned  CSaiviendiBh^s 
eudiometer ;  and  one  reason  why  the  result  oould  not  answer  the  puipose  inteadad  will 
be  made  evident  from  a  consideration  of  the  structure  of  that  iairtnonent.  Oiaveiidisli's 
eudiometer  is  made  on  the  principle  of  withstanding  the  exercise  of  great  intenud  force ; 
for,  ii^  point  of  fact,  although  the  combination  of  oxygen  and  hydrogen,  in  ihe  propor- 
tions necessary  to  form  water,  finally  results  in  contraction — tending  towards  the 
formation  of  a  vacuum — nevertheless,  there  is  a  preliminary  instant  at  whicJi  the  force 
exercised  is  in  the  reverse  direction — in  other  words,  from  within  outwards.  Heaice  any 
mechanical  contrivance  constructed  with  the  object  of  utilising  the  ultimate  collapse 
resulting  from  the  union  of  oxygen  and  hydrogen,  must  be  prepared  for  receiving  tJie 
preliminary  outward  shock.  Kow,  to  accomplish  this  would  be  difficult,  even  supposing 
the  economy  of  generating  and  uniting  the  gases  required  to  be  compatible  with  working 
conditions  *,  which  it  is  not. 

Far  more  promising,  at  first  sight,  appears  the  employment  of  magaato  electric  or 
electro-magnetic  force ;  and,  indeed,  these  forces  have  been  appHed  to  two  good 
mechanical  purposes  at  least — namely,  to  the  constraetion  of  the  electric  telegrqli 
and  the  electric  clock.  These,  however,  are  quite  exceptional  cases ;  the  mechanical 
force  required  for  these  purposes  is  only  that  necessary  to  generate  a  certain  directive 
tendency,  no  further  motive  jwwer  being  required. 

Understanding  the  term  mechanical  force  in  its  ordinary  signification — ^that  is,  any- 
thing equal  in  power  to  the  force  of  steam — every  attempt  to  generate  it  by  means  of 
electro-magnetic  and  magneto-electric  combinations  has  failed.  This  result  is  contrary 
to  what  might  have  been  expected.  The  attractive  and  repulsive  force  of  magnets,  artifi- 
cially called  into  existence  by  means  of  voltaic  combination,  is  enormoqs ;  the  vott^ 
currents  necessary  for  generating  these  magnets  are  but  small ;  the  expense  of  gene- 
rating these  currents  insignificant ;  and  the  chemical  products  collaterally  occuiring 
during  the  voltaic  action  required,  find  a  ready  market.  But  one  great  difficulty  besets 
the  employment  of  these  magnets,  as  mechanical  agents ;  it  is  this : — ^the  attractive  and 
repulsive  polarities  diminish  in  some  undetermined  but  rapid  ratio,  in  proportion  as 
the  mass  to  be  attracted  or  repelled  is  separated  from  the  magnetic  poles.     This  is  a 
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atkfuttf  iatLfUMUt  te  Dm  piuMiple)  «&d  it  «ednii  ineompatible  "wiA  ikt  mieooiiM 

ttin,  if  vot  vsiiir  ill^  «iJM«ttitMicef^  a  gMenulw  oF  ^mbrwitj*  t^r  tise  rndtt  part, 
ttecfoa<iJBl»^  ti^m  dievdo^ed  is  bat  to  o«i^  i|i]pnoi«tftoii ;  Inil  hy  etiptoTiiig  ttoitablA 
a^fttmtot  ikt  «i«otoidH7  4ev6lo|wd  by  heat  nay  be  oawed  to  tow  im  «  defiaito 
Aaoail)  ittd  to  prodoee  uneU-iwrked  ^IBkU,  The  Mndy  of  tktae  effitetfe  ^enatiXMitoi 
1kelitaiBli<6f  fdnaoe  toi«MdtA»rm(>*<#i^  TheeiiectriGaitifiiBcttdet'elopMliml^ 

numnr  aire  not  m  potiretftd  nor  so  briUiattt  as  those  tesuiting  from  Vdtatc  friotieBal 
deetKicity  ^  buet  thiey  are  ekoeedin^y  intorestuxg,  eqsMially  bl  t^latioA  to  ii  means  <s£ 
(■Hiaiftfng  luimrte  ^bgreet  of  ten^eratore^  It  is  jODbable  that  &e  fundioft  of  therme>- 
deelrioity  bolongt  to  ali  eondhiatoxi  of  heat ;  bat  it  is  only  under  oonditieBB  of  good 
Dwwtart&oti  tiiM  tbe  (mperty  becomes  read%  maaifested^-'-m  othet  w<ftds^  ifaenao- 
eliotric  «omblttatkms  isyoire  the  employment  of  metals  in  their  ooAstntctioB. 

If  m  >fHire,  o^ual  in  aise  throughout,  and  of  imy  metal  whateyeiv  be  formed  iato  a 
rfaig,  and  heat  applied  to  one  part  of  the  eikctimfn^enoe,  not  the  slightest  tendeaciy  to 
ah  electdc  omtent  will  be  masiifestedw  But  if  the  wiie  be  unequal  in  siae^  or^  what  ia 
fttctilM  Wffuiita  to  the  same^  if  .a  biot  be  tied  in  a  wire  of  equal  size  tfaroughottty 
then  a  current  of  electricity  will  be  established,  fronl  the  pfcrt  to  which  heat  is  ap]^iied 
to  the  loeality  of  the  knot.  Such,  then,  is  tiie  aimplel^t  cenMraoticm  Of  whifik  a 
thermo-electric  generator  almfts. 

The  thetmo-electric  dilturbance  and  eurrent  are,  however,  most  j^owcJrfuUy  geme* 
rated  when  two  metals  are  used  instead  of  one,"^ 
the  M&dttOti&g  power  of  both  the  metals  for  heat 
Mug  diiiK»eiit«  The  most  oontenient  form  of 
combination  results  from  the  junction  of  the  two 
dimlmilaf'  metaU  at  an  angle  similaxiy  to  the 
ktter  y ;  ahd,  perhaps,  the  best  mntals  that  can 
he  employed  in  this  ease  are  bismuth  tmd  anti^ 
maiy%  If  heat  be  applied  to  the  apes  of  junction, 
a  correftt  of  eleetrioity  will  become  estaldished 

in  the  diieotioli  from  the  point  of  jmiction  towVirdft  the  extremity  of  the  metal 
which  b  the  worse  conductor  for  heat'-that  is  to  say,  in  the  case  imder  consideration, 
to  the  mntilmoDy. 

Htpeiiments  perlbrmcd  with  the  object  of  determining  the  relation  in  which  certain 
toetila  stand  to  eatA  other,  in  a  thermo-electric  eense,  have  led  to  the  arrangement  of 
the  fioUowing  eexies  :-^ 

Bismuth  Tb  Zinc 

Platinttm  Copper  Iron 

Lead  Silver  Antimony 

FwuBL  «a  examiimtioa  of  which  we  remark  that  the  most  powerM  thermo-eieetric 
iMmbbHition  will  result  from  the  combination  of  bismuth  with  antimcmy.  However, 
even  by  the  combination  of  these  extremes,  the  total  amount  of  electricity  generated  is 
too  iaeoiudderable  to  produce  great  effects ;  and  to  demonstrate  the  most  interesting 
functions  of  then]tu>'electricity,  compound  attangements  of  metallic  pairs  must  be  em," 
ployed.  The  method  of  forming  these  compound  metallic  arrangements  will  readily 
suggest  itself;  noting  more  being  required  than  to  join,  by  soldering,  several  of  the 
V^diaped  simple  combinations  together,  as  represented  in  the  diagram  above. 
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In  thifl  diagram  the  letters  a  and  b  stand  fixr  antimonj  and  bismuth.  respeotiYelyy 
plates  of  which  are  seen  to  be  joined  alternately  at  their  ends,  so  that  every  alternate 
soldering  is  in  the  same  plane.  The  extremities  of  the  terminal  planes  are  famished 
each  with  a  wire,  for  the  purpose  of  transmittmg  the  generated  electricity  in  any  direc- 
tion. The  apparatus  is  electrically  excited  by  the  application  of  heat  to  one  series  of 
apices,  whilst  the  other  series  are  kept  as  cool  as  possible.  It  wiU  be  evident,  on  consi- 
deration, that  the  Y-shaped  combination  is  not  a  necessary  condition  to  the  existence  of 
the  instrument ;  indeed,  the  above-mentioned  form  is  somewhat  inconvenient,  but  at 
the  same  time  it  is  very  explanatory  of  its  functions ;  therefore  the  subject  of  thermo- 
electricity is  most  profitably  studied  by  commencing  with  its  description.  The  idea  of 
these  compound  thermo-electric  combinations  originated  with  Nobili,  and  it  has  been 
taken  advantage  of  by  Melloni  in  the  construction  of  his  exceedingly  .delicate  ther- 
mometer. The  idea  of  constructing  a  thermo-electric  battery— as  one  of  these  compound 
arrangements  may  be  termed — ^may  have  been  suggested  by  the  constniotion  of  a  com- 
pound voltaic  arrangement,  to  which  it  presents  a  certain  similarity.  In  the  functions 
of  the  two,  however,  there  is  this  remarkable  difference— by  increasing  the  number  of 
pairs  in  a  voltaic  battery,  the  intensity  of  the  resulting  electricity  is  alone  increased; 
whereas,  in  a  compound  thermo-electric  combination,  both  quantity  and  intensity  are 
proportional  to  the  number  of  pairs 
employed  in  the  series.  The  thermo- 
multiplier  of  Nobili  consists  of  about 
.  fifty  pairs  of  antimony  and  bismuth  bars, 
joined  together  by  the  alternate  ends, 
and  protected  from  immediate  contact  elsewhere  by  means  of  some  non-conductiiig 
.material.  To  each  end  is  attached  a  wire,  which  is  represented  by  c  e,  passing  through 
an  ivory  collar. 

The  instrument  is  completed  by  inclosing  it  in  two  metallic  sheaths,  mm,  blackened 
internally  and  at  the  extremities,  but  polished  and  bright  elsewhere.  Thus  finished, 
we  obtain  a  means  of  absorbing  radiant  heat,  and  communicating  it  to  one  series  of 
soldered  junctures,  a  consequence  of  which  is  the  development  of  an  electric  cuirent, 
which  may  be  made  to  communicate  its  influence  through  the  terminal  wires,  e  e»  These 
wires  being  placed  in  communication  with  a  galvanometer,  the  magnetic  needle  of  the 

latter  is  deflected  proportionately  with 
the  amount  of  electricity  set  in  motioOf 
and  therefore  proportionately  with  the 
quantity  of  heat  absorbed.  By  means 
of  this  delicate  instrument,  changes  of 
temperature  amounting  to  no  more 
than  the  -^T^th  part  of  a  degree  of 
Fahrenheit's  scale  are  easily  recognisa- 
ble. The  accompanying  illustration, 
represents  the  apparatus  of  Melloni, 
being  a  combination  of  Nobili's  arrange- 
ment with  the  galvanometer,  as  em- 
ployed for  the  purpose  of  ascertaining  the  transmissibilily  of  heat  (diathermaniety) 
of  various  laminae. 

Although  I  have  mentioned  the  common  galvanometer  to  be  employed  in  connection 
with  the  thermo-electric  bundle,  yet,  strictly  speaking,  this  is  not  so.   The  wires  are  larger 
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than  those  of  the  ordinary  galvanometer,  and  the  length  of  wire  or  circuit  is  not  so 
long  as  in  the  ordinary  form  of  that  instrument.  This  modification  is  rendered  neces- 
sary by  the  very  weak  tension  or  power  of  overcoming  obstacles  possessed  by  thermo- 
electricity. The  difference  between  tension  and^  quantity  as  applied  to  electricity  I 
have  already  explained  at  page  210  of  this  treatise. 

An  interesting  correlation  between  heat  and  electricity  is  manifested  by  passing  an 
electric  current  through  a  thermo-electric  combination,  whether  simple  or  compounded. 
Under  these  circumstances,  assuming  the  apparatus  to  have  been  of  one  temperature 
throughout  at  the  commencement  of  the  operation,  the  surfaces  of  junction  become 
hot,  thus  proving  that  the  same  instrument  which  liberates  electricity  on  the  applica- 
tion of  heat  will  liberate  heat  on  the  application  of  electricity.  If  a  source  of  cold  be 
applied  to  the  extremity  of  the  apparatus  at  which  the  electricity  would  have  escaped, 
lupposing  the  application  of  heat  to  have  been  made  at  the  soldered  junctions,  then  the 
latter  portions  of  the  instrument  become  greatly  reduced  in  temperature— so  greatly 
indeed,  that  if  a  little  hole  be  bored  into  the  substance  of  the  metal  and  filled  with  a 
drop  of  water,  the  latter  becomes  speedily  frozen. 

A  consideration  of  the  laws  of  thermo-electricity  led  to  some  most  interesting  con- 
clusions. For  example  :  it  presented  us  with  a  probable  explanation  of  the  cause  of 
terrestrial  magnetic  direction.  That  a  freely  suspended  magnet  should  tend  to  place 
itself  in  a  line  from  north  to  south  was  long  a  mystery  so  remote  from  the  conceptions 
of  philosophers,  that  no  hope  was  entertained  of  arriving  at  its  solution.  At  present 
we  have  a  plausible  explanation  of  the  phenomenon.  It  has  already  been  demonstrated 
that  a  suspended  magnetic  needle,  free  to  move  in  any  direction,  places  itself  at  right 
angles  to  a  neighbouring  electric  current :  hence,  in  order  to  explain  the  directive 
tendency  of  a  magnet  from  north  to  south,  it  is  only  necessary  to  assume  the  existence 
of  an  electric  current  at  right  angles  to  it.  Now  the  earth  is  warmed  by  the  sun's 
lays  in  the  direction  of  east  to  west,  and  a  consequence  of  this  heating  must  necessarily 
be  the  generation  of  an  electric  current  in  the  same  direction.  A  consideration  of 
the  relations  subsisting  between  electric  currents  and  magnetic  force  will  show  that 
our  globe  should  be  magnetic  in  a  line  at  right-angles  to  the  ecliptic  In  point  of  fact, 
it  is  very  nearly  so ;  and,  probably,  would  exactly  coincide  with  that  line,  were  there  no 
secondary  electric  agencies  in  operation.  This  explanation  is  in  accordance  with 
Ampere's  theory  of  magnetism  ;  for  the  purpose  of  illustrating  which  Mr.  Barlow  has 
constructed  an  apparatus  representing  the  supposed  magnetic  condition  of  our  globe  in 
miniature.  His  apparatus  consists  of  a  hollow  sphere  of  wood,  in  which  electrical  currents 
are  made  to  circulate,  similarly  to  the  presumed  direction  of  those  in  our  own  globe. 
By  placing  an  astatic  needle  on  various  parts  of  the  surface  of  the  apparatus  in  question, 
it  was  found  that  all  the  phenomena  of  terrestrial  magnetism  were  closely  imitated. 
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THE  CHEMISTRY  OF  INORGANIC  BODIES, 

To  oijie  who  is  but  slightly  acquainted  with  physical  and  chemicfd  philioeoplly  the 
term  ^*  inorganic"  will  require  no  explanation.  It  will  associate  itself  with  a  series 
of  bodies  and  phenomena  standing  well  apart  from  all  others  by  yirtue  of  charact«> 
istics  rather  appreciated  than  capable  of  definition.  To  arer  that  inorgaiBk;  bodies 
are  those  which  are  not  endowed  with  parts  capable  of  sustadtning  tiie  ftmctiens  of  life, 
and  that  organic  bodies  are  the  opposite,  is  to  rash  at  once  upon  the  great  difficulty. 
The  question,  What  is  Hfe  ?  fbrthwith  presents  itself  fbr  response,  and  the  ^enss  of  t^ 
response  have  never  yet  been  agreed  upon. 

Notwithstanding  this  theoretical  indistinctness  of  characteristiea^  hy  ftff  the  luger 
portion  of  the  bodies  termed  inorganic  suggest  no  difflculty  whatever  in  respeet  (rf  the 
binary  classification.  It  is  only  when  we  arrive  at  the  more  abstrnse  ezatnpies  of 
combination  that  a  question  exists.  The  elementary  bo^^s,  whether  non-metallie  er 
metallic,  are  necessarily  removed  beyond  the  liteits  of  doubt.  A  similar  remarlc  applies 
to  all  their  binary  combinations.  Entering  upon  the  domain'  of  teniary,  quaftemazy, 
and  still  more  complex  unions,  doubts  begin  to  arise  whether  the  rtealt  shiodld  1^ 
considered  inorganic  or  organic ; — doubts,  however,  which  rather  belong  to  metaphyaes 
than  to  physics,  inasmuch  as  they  are  dependent  on  the  relationship  which  nty  be 
deemed  proper  to  subsist  between  certain  qualities  and  certain  deftnitioBS. 

It  seems  to  be  an  immutable  law  of  nature  that  the  boundaries-  w^ich  mas  sets  up 
between  different  sciences,  and  different  branches  of  the  same  science,  shftll  be  swept 
away  by  th/e  progress  of  discovery.  The  time  was  when  ^e  expressions  chemiea!  a^ 
myechanical  philosophy  were  considered  to  belong  to  two  departments  of  sdence 
essentially  diflferent  from  each  other ;  yet,  since  the  molecular  constitution  of-  matter 
has  been  brought  within  the  chemists  scope,  that  opinion  has  been  necessaiilj^  flbafr> 
doned.  Again,  in  chemical  science,  acknowledged  as  such,  the  titne  was  whoR  bodMS 
were  divided,  without  doubt  or  question,  into  the  three  primaryrelasses-  of  Mdierd; 
Animal,  and  Vegetable.  As  the  tide  of  investigation  roUed  on,  philbsophers-difleoveM^ 
that  they  we^^  not  in  possession  of  any  certain  sljjn  indicative  of  the  limits  hetw«« 
"icegetablo  and  anin^tl  lift,  when  at  once^  feM  to  the  ground  tke  triple  chuniftcatiMi  of 
l^odies,  Qjid  the  bi^ajy  ql^sification  of  hiorganib  ancP  oiganite  took  its-  plhoe.  Ttis 
laii:er,  we  have  seen,  i?  not  f^ec  fron;  doubts  and  objections ;  but- ire  must  retabt  itftr 
waz^t  of  a  better. 

ISLementaxy  Bodies.— Chemijits  are  aequainted  with  64  efismentar^r  or  t&ofk 
bodies ;  that  is  to  say,  bodies  which  have  never  yet  been  dtoomposed;  The-  appended 
table  represents  their  names,  their  conventional  symbols,  and  their  atomic  weights  :- 


Aluminium 
Antimony 
Arsenic  . 
Barium  . 
Bismuth 
Boron 
Bromine 
Cadmium 


Al.  13*7  Calcium Ca.  20 

Sb.  (Stibium)  12-9  Carbon C.  6 

As.  75  Cerium Ce.  47 

Ba.  68-0  Chlorine       ....  CI.  35 

Bi.  213  Chrome Cr.  26-7 

B.  10-9  Cobalt Co.  29-5 

Br.  80  Copper Cu.  31-7 

Cd.  56  Lidymium  .     .     .     .  D. 
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.  Do.  Pelopium PI. 

.  E.  Phosphorus      .     .     .     .  P.  32 

.  F.  1&-9  Platimim     ......  Pt.9»r 

.  G,  Potassium K.  (Ealium)  39-2 

.  Au.  (Aumm)  107    Ehodium B.  52-2 

.  H.  1  Euthenium Rt.  62-2 

.  11.  Selenium Se.  39-5 

.  I:  127-1  Silicon    ......  Si.  21-3 

.  Ir.  99  Silver Ag.  108;1 

.  Fe.  28"  Sodium Na.(Katrium)  23 

.  La.  Strontiam    .....  Se.  43*8 

.  Pb.  10«-7  Sulphur S.  16 

.  1^6-6  Tantalinm To.  1S4 

.  Mg;.12-2  TcUHrinni Te.  64*2 

.  Mn.  27-6  Terbium Tr. 

.  Hg.  lOO  Thorium Th.  59-6 

.  Mo.  4A  Tin    ......    .  Sa.(StaiiniH&)^ 

.  Ki.  29-6  Titanium Ti.  25 

.»  Kb.  Tungsten,  or  Scheelium  "W.  ("Wolfram)  f>6 

.  ir.li  Uraniami XT.  69 

,  Nt.  Vani^um Va.  6g-6 

.  Chu  9»-6  .  Yttrium  .......  T.  32-2 

.  0. 8^  Zinc Zft.  39-& 

.  Pd.d3*a  ^loaniam    .....  Zr.  22-4 

Crlasflification  of  the  Simple  oz  Elementary  Bodies.— Various  schemes  of 
classification  have  been  proposed  or  adopted  by  different  authors  for  the  classification  of 
the  simple  bodies.  Davy,  Ampere,  and  Beraelius  adopted  the  classification  of  electro- 
podtiye  and  electro-negative,  modified  by  Faraday,  for  reasons  already  explained,  into 
the  classification  of  anions  and  cathions.  Other  dhemi^  have  divided  elementary  bodies 
into  combustibles  and  supporters  of  combustion.  Professor  Graham  separates  them  into 
grovpfl^  dependent  on  »  geaeral  analogy  of  properties,  bnd  more  especially  on  their 
isomorphous  replacement  of  one  another.  To  the  electro-chemieal  divisions  the  objec- 
tion may  be  urged  that  they  are  either  founded  upon  hypotheses,  or  that  they  are 
practically  incomplete.  The  classification  of  coinbustibles  and  supporters  is  open  to  the 
grayer  objection,  that  in  the  act  of  combustion  neil^ef  of  the  bodies  mutually  operating 
on  the  oilier  can,  in  the  strict  acceptation  of 'philosophy,*  be  said  to  be  exclusively 
n^poctei  cr  CKdnsively  combustible.  As-  concerns  the  pdaeiplcs  of  okassfidation  ehosen 
Igr  ScofeaMT  Graham,,  it  seems  open  to  no  objeetion  on  th»  gvound  (^  philosqphie 
jfpeflitonflnrii  hutr  praekicalky  eansidei ei^  it  i«  aot  the  moat  eonyenieQt 

The  division  whi^  I  shall  pursue  in  this  treatise  i«  the  one  into  ftiatAi  ehsmloid 
iluiieafe  aafaraliy  lesolve  ihe]a0d.vcB  in  the  mind  of  tine  fvaeticol  chemist,  and  iSA 
luoejaiAiiaol  my  theoretical  eoosidetaticoia.  Tbe*  clamfteatiOB  kk  fj^uestioa  is  Aenm  by 
the  accompanying  scheme — 

(ICoBriUfitaUM 


Donarium 
Erbium  . 
Fluorine 
Glucinima 
Gold  .  .. 
Hydrogen 
Hmenium 
Iodine  . 
Iridium  . 
Iron    .     . 


LMd 


MbljidaBtmL 


Oxygen 


Simple  bodies 


IKetalHc 


{KaH^enous 
Terrigenous 
C^igenous 
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LIST  OF  NON-XSTALLIC  SIMPLE  BODIES. 

Oxygen.  Bromine.  Sulphur.  Carbon. 

,  Fluorine.  Iodine.  Phosphorus.  Hydrogen. 

Chlorine.  Selenium.  Boron.  Nitrogen. 

OXYGEN. 

EQUIVALENT  OK  ATOMIC  WEIGHT,   8. 
SPECIFIC  OBAVITT,    1*1057.* 
WEIGHT  OF   100   CUBIC  INCHES,  AT   30   IN.   BAB.   60"*   F.,   34*29   GBAOCB. 

If  the  importance  of  any  element  be  presumed  to  bear  a  relation  to  th«  quantity 
of  it  existing  in  nature,  oxygen  is  pre-eminent  in  this  claim.  From  one-half  to  two- 
thirds  of  the  surface  of  our  globe  and  its  inhabitants  consist  of  oxygen.  A  cGnsideratioii 
of  the  following  facts  will  demonstrate  the  extent  to  which  the  preceding  rtatement 
may  be  accepted  as  correct : — 

It  exists  both  in  the  organic  and  inorganic  kingdom.  It  constitutes  eight-ninlhs  of 
water,  and  water  covers  about  three-fourths  of  the  sur&ce  of  the  earth.  Of  tiie  diy 
atmosphere,  oxygen  constitutes  twenty-three  parts  of  every  hundred,  and  eight-ninths 
of  atmospheric  vapour.  Of  the  earth's  solid  crust  at  least  one-third  la  oxygen,  aa  will 
be  rendered  evident  if  we  reflect  upon  the  minerals  of  which  this  crust  is  chiefly  formed 
— namely,  for  the  most  part  of  silica,  carbonate  of  lime,  and  alumina.  Silica  alone 
constitutes  45  per  cent,  of  the  earth's  solid  crust.  SiUca,  carbonate  of  Ume,  and 
alumina,  contain  respectively  about  half  their  weight  of  oxygen. 

Some  idea  of  the  proportion  in  which  oxygen  exists  in  nature  may  be  dexxred  &m 
the  following  tabular  view : — 

AMOUNT  OF  OXYGEN  IN  THE  WOHLD. 


r  Principles    .    . 
Animal       <  Phosphate  of  lime 
(Water     .    .    . 

^"^^^  {^'"^ : 

r  Silica      .    .    , 
Mineral      •<  Alumina  .    . 
(Lime       .    . 

Ocean  and  waters     .    . 
Atmosphere     .... 


Oxygen  ia  }  or  j  of  the  globe. 


i         ' 

The  total  quantity  of  oxygen  required  daily  for  the  whole  human  popolatioa  has 
been  calculated  at  1,000,000,000  lbs. ;  twice  that  amount  for  animals ;  and  a  quantity 
equal  to  the  first  to  support  the  operations  of  combustion  and  fermentation; — Hm 
giving  4,000,000,000  lbs.  per  diem.  But  the  functions  unenumerated  requiring  oxygen 
demand  at  least  an  equal  amount  to  the  sum  total  above  given;  therefore  ^ 
total  amount  of  oxygen  required  daily  is  no  less  than  the  enomumB  quantity  of 
8,000,000,000  lbs. 

Without  oxygen  no  ordinary  form  of  combustion  could  take  place ;  nor  could 
animal  and  vegetable  life  be  sustained.  Without  oxygen  there  would  be  no  water— no 
atmospheric  air.  The  most  ordinary  constituents  of  the  soil  would  be  wanting.  Theie 
•  Damas,  *' AniuClUm.  et  Phys."  Sme  aerie,  iiL,  p.  275. 
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would  be  no  day,  no  flint,  no  potash,  soda,  lime,  or  magnesia.  It  is  difficult  for  a 
chemist  to  picture  to  himself  th^  sort  of  mass  in  space  our  world  would  be  if  deprived 
of  oxygen.  There  could  be  no  animal,  no  vegetable,  no  water ;  the  most  striking 
peculiarity  of  the  landscape  would  be  the  never-ceasing  presence  of  resplendent 
metallic  masses. 

As  our  world  is  now  constituted  there  are  very  few  metals  discoverable  in  a  native 
or  pure  state ;  they  usually  occur  in  combination  and,  for  the  most  part,  with  oxygen. 
Gold  and  platinum  are  almost '^the  only  metals  which  invariably  occur  under  the 
metallic  form;  but  if  oxygen  were  removed  from  the  globe,  then  a  long  array  of 
metallic  bodies  would  shine  out  in  full  radiance :  but  the  world  would  be  a  small  one 
(considerably  less  than  half  its  present  weight),  and  a  very  dead  and  cheerless  world — 
deprived  of  every  trace  of  animal  and  vegetable  life. 

Eistoriedl  Notice  andSynonymea  of  Oxygen, — ^Before  the  time  of  Scheele  and  Priestley 
the  atmospheric  air  [was  assumed  to  be  a  simple  body — an  opinion  which  was  proved 
to  be  incorrect  by  the  philosophers  in  question.  To  Priestley  the  honour  is  due  of 
having  first  effected  the  separation  of  oxygen  gas  (1774).  Subsequently,  in  1775, 
the  discovery  was  repeated  by  Scheele.  The  appellation  of  oxygen—m  French,  oxygene 
—was  applied  to  it  by  Lavoisier,  who  also  denominated  it  the  acidifying  principle; 
ia  Crennan,  it  is  termed  eaueretoff.  By  Condorcet  it  was  denominated  vital  air^  seeing  that 
the  function  of  respiration  depends  upon  its  presence.  Scheele  called  it  ^r^-atr^— in 
German,  feuerloft—ftom  the  circumstance  that  its  presence  is  necessary  to  every 
ordinary  case  of  combustion.  The  expression  dephlogisticated  air  was  applied  to  it  by 
its  [discoverer,  Priestley,  and  had  reference  to  a  belief  that  oxygen  was  deprived  of  a 
certain  imaginary  material  known  as  phlogiston. 

The  word  oxygen  is  a  compound  of  the  two  Greek  words  o|vs,  aeidf  and  ycf^ow,  I 
generate,  thereby  indicating  that  it  is  an  acid  former.  The  expression  derives  its  origin* 
as  we  have  already  seen,  from  Lavoisier,  a  chemist  who  lived  in  the  early  part  of  the 
great  French  Revolution,  and  to  whom  the  greater  portion  of  modem  chemical  nomen- 
clature is  referable.  The  term  oxygen  was  given  to  the  simple  body  in  question,  in 
accordance  with  the  idea  of  its  being  the  universal  acidifying  principle.  The  expression 
is  suggestive  of  the  boldness  of  thought  in  which  all  subjects  at  that  period  of  turmoil 
were  approached.  It  intimates  not  only  that  oxygen  was  the  acidifying  principle 
of  all  acids  known  at  the  time  of  Lavoisier,  but  that  it  must  necessarily  be  the 
acidifying  principle  of  all  acids  hereafter  to  be  discovered.  This  assumption  was 
rather  too  bold ;  nor  was  it  quite  accordant  with  true  logical  inference  to  assume, 
that  of  two  or  more  bodies  entering  into  the  composition  of  an  acid,  one  alone 
should  be  regarded  as  the  acidifying  principle. 

Nevertheless,  the  idea  that  oxygen  was  the  universal  acidifier  took  firm  hold  of 
tiie  chemist ;  nor  has  the  progress  of  modem  discovery  been  able  to  supersede  much  of 
the  nomenclature  begotten  under  this  supposition. 

HfTfM  under  which  Oxygen  existe.—Thia  element  has  hitherto  been  only  obtained, 
uncombined,  in  the  form  of  a  gas ;  whereas  many  bodies,  the  familiar  form  of  which 
is  gaseous,  may  be  obtained  as  liquids  or  as  solids.  Oxygen  gas,  however,  is  subject 
to  a  remarkable  modification,  or  allotropic  condition,  to  which  the  designation  ozone 
has  been  applied.    Under  this  head  it  will  be  described  Airther  on. 

Freparation  of  Oxygen, — ^Although  oxygen  gas  was  originally  discovered  by  dis- 
tilling it  from  the  red  oxide  of  mercury,  yet  this  is  by  no  means  the  most  convenient 
method  of  preparing  it.    The  processes  usually  adopted  are  as  follow :— 


AtenwL 

PatlAlyWdgkA. 

a     Bin. 

0.        Ma. 

1         I 

8         28 

3        2 

24        56 

2         1 

16        28 
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1.  Bj  ap^ying  fuimee  heat  to  black  oxide  o£  mawgimwe  ia  an  iroa  botila  or 
retort. 

The  construction  and  arrangement  of  the  iron  retort  in.  question  haTe  b^eoi  akeadj 
detailed  at  page  178 ;  it  only  lemoins,  therefore,  to  in^Kcate  the  deeompoeition  which 
ensues.  Black  oxide  of  manganese,  regarded  as  to  its  comxKwition,  ia  the  binozide, 
sometimes  called  peroxide,  of  that  metal,  and  is  composed  c£  one  equivaiLent  or  atom  of 
ntanganese  -f-  two  equiyalents  or  atoms  of  oxygen.  Its  symbolical  eiqpreaakm,  ihere- 
fbre,  is  Mn.  O^.  In  addition  to  the  black,  bin,  or  peroxide  of  maaganesey  there  are  two 
others— yir.,  the  protoxide  sad  the  scsqnioxide.  The  three  may  be  represented  as 
tmdemeath : — 


Protoxide  of  maiaganese 
Scsqnioxide  of  manganese    . 
Binoxide  ef  manganese 

Now  it  wiU.  be  eyident  that  if  heat  be  applied  to  biaoxide  of  manganese^  and  ses 
quioxide  of  manganese  remain,,  a  portion  of  oxygen,  gas  must  haye  been  evolyed.  This  is 
what  takes  place  in  practioe — eyery  two  equiyalents  of  binoxide  of  manganese  eyolying 
one  eqaiyaleat  of  oxygen,  from  a  consideration,  of  these  cizcnmatance»  we  may  regard 
the  binoxide  of  manganese  to  be  thas  composed : — 

Twaequiyalents  or  atoms  of  binoxide      i  J  SuiyaL^St  *^r"*ttton  *S7*2^ 
of  manganese  ^     quioxide  of  manganese. 

2.  By  cEstillmg  a  mixture  of  black  oxfde*  ef  Twnngawwe  and  snlj^une-  ftcAl  m  a 
ilaak  or  glass  retort. 

The  decomposition  which  ensues  is  referable  to  the  faet  that  salphnrio  add  4o€vnsl 
combine  with  binoxide  of  manganese,  bnt  readily  eombinee  with  the*  proteaadg  <^  ttit 
metal.  The  result  n,  that  ftom  eyery  equiyalent  ef  iMnoxide  -of 
equiyalent  of  oxygen  is  expelled ;  and  each  resuMag  eqfuivalent  of  proteaMe 
with  an  equiyalent  of  sulphuric  add.  The  feUowing  difigram  will  serye-  to  renter  lbs 
scheme  of  diecomposition  intelGgSile. 

I  Binoxide  of  (1  Oxygen  escapes. 

Manganese  u  Protoxide  of  manganese 
1  Sulph«rie:aeid ■ ^1  Sulphate  of  protoadde  (proton- 
sulphate)  of  mairganese. 

Ia  condacfing  this  operation,  only  enough  salphurio  acid  sfaonld  be  tdcfad  t»  ima, 
a  stiff  past*  with  the  powdered  oxide.  Care  should  also  be  taken  thot  thtf  flask  * 
retort  be  uniformly  wet  by  contact  with  the  pasty  nuxtnre  ;  etherwise  inMAme  wi& 
preAxably  ensue  on  the  apfdication  oi  flame.  This  method  el  obtaining  oaKf^mps  is 
now  bid;  seldom  employed. 

S.  By  applying  heat  to  eUorate  of  potash  in  s  small  retort,  at  beat  tnb^  c<  hanl 
Qexman  or  green  gkas. 

This  is  a  yery  conyenieat  plan  ^  obtainiag  oxygen  gas  idNwlntely  jfutt.  Xba  otif 
^aadyantage  attending  the  opeiatiQa  is  the  high  temperature  WMMaanStf  leqaMr-a 
necessity  whieh  ms^  be  aireided  by  medifyiag  the  tieatment  as  deseiibed.itt  th«aiit 
process.   The  deeompositkn.  which  ensues  is  easily  eomprehensibk.    CUosat^  of  fibsli 
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is  a  compound  of  chloric  acid  and  potash.  Ghbiio  acid  contains  five  atoms  of  oxygen, 
and  potash  one.  By  ihe  applicotioB  of  sufficient  heat,  all  the  oxygen  (six  atoms)  is 
expelled,  and  chlorine,  in  dixeot  union  with  potassium  (chloride  of  potassium),  remains. 
Symbolically^  therefore,  the  decomposition  admits  of  being  represented  as  follows  :— 

KO,  C10^  =  KCl-i-0c. 

Or  peiHbap*  rtiH  neve  intelligibly  by  means  of  a  diagram. 


il  Chloric  acid 

.1  Chlorate." 
of  potash 

[l  Potash 


I  5  Oxygen     — -y6  Oxygen  escape. 


J  1  Chloride  of  potassium. 


4>»  By  distilling  a  mixture  of  equal  parts  of  chlorate  of  potash  and  black  oxide  of 
manganese,  or  equal  parts  of  chlorate  of  potash,  and  black  oxide  of  copper. 

This  is  the  process  usually  had  recourse  to  for  procuring  small  quantities  of  oxygen 
in  th«  laboratory.  The  heat  necessary  to  be  applied  is  much  less  than  in  the  previous 
instance,  and  the  decomposition  is  more  manageable.  Notwithstanding  the  addition 
of  oxide  of  copper,  or  oxide  of  manganese,  both  of  which,  as  their  name  indicates, 
contain  oxygen,  the  whole  of  the  oxygea  liberated  comes  from  the  chlorate  of  potash 
used.  The  presence  of  the  advajotitious  oxide  facilitates  the  decomposition  of  chlo- 
rate of  potash  by  the  operation  of  a  force  known  as  catalysis.  Not  that  the  term 
is  to  be  recommended,  seeing  that  it  throws  no  light  whatever  on  the  nature  of  the 
change. 

5.  By  exposing  water  to  the  decomposing  agency  of  voltaic  electricity,  and  collect- 
ing separately  the  oxygen  and  hydrogen  gases. 

At  pagei  247^  the  method  of  performing:  this  decomposTtion.  has  Been  already 
eiplained. 

Bxn^ilnLeiitS  with  QoLygts,— The  chief  experiments  whicli  admit  of  being 
perjformed  with  oxygen  gas  have  reference  to  the  power  of  this  elementary  body  as  a 
supporter  of  combustion.  Indeed,  the  v^y  term  combustion  was  formerly  defined  as 
being  the  rapid  union  of  a  body  with  oxygen.u  The  impropriety  of  such  a  restriction 
has  long-  been  admitted,,  and  the  term  oombuation  is  now  understood.to- express  rapid 
chemical  union  attended  with  evolution  of  light  and  heat.  Nevertheless,  oxygen  gas  is 
the  siq^porter  of  combustion^  ji^tr  exe^Uema.  By  means  of  it  all  our  ordinary  fires  are 
enabled,  to  exist,  »id  our  chief  sources  of  artificial  illumination  supplied. 

]!xperiment  1.  Combustion,  </  «m  ordinary  Taper  in  Oxygen, — Light  an  ordinary 
tiq^  oc  candle ;.  wait  uniil  the  wick  has  become  incandescent,  then  blow  out  the 
ilame^  and  immeacse  th&  candle  in  a  bottle  o£  oxygen  gas.  The  wick  wiU  immedii£tely 
bori^  into  fiame,.  and  continue  to  bum  with  exceeding  brilliancy  until  all  the  gas  has 
been  es^ended*  Instead  of  a  candle,  a.  small.  sUp  o£  wood,  sueh  as  a  match,  may  be 
empLo^ed^.  Thus  ihe  chemist  has  an  excellent  distinctive  test  of  the  presence  of 
oKy^lUL  Onlj;  one  g^  (the  protoxide  of  Bitrogsn)  can  be  confounded  wdt^  it  by  the 
erfidence  of  the  test  in- question,  even  by  the  most  inoKperienced. 
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Experiment  2.  Gmtbustion  of  Charcoal  in  Oxygen.^YuraSij  attach  a  piece  of  charcoal  to 
a  copper  wire,  hy  twisting  the  latter  round  it ;  run  the 
other  extremity  of  the  wire  through  a  central  hole  in  a 
small  tin  disc,  and  finally  through  a  cork,  as  shown  in 
the  diagram.  Light  the  charcoal  by  holding  it  in  the 
fire  or  on  a  gas  or  blow-pipe  flame,  and  immerse  it  ia 
ajar  containing  oxygen,  and  standing  in  a  soup-plate 
containing  a  little  water.  The  charcoal  will  bum 
with  far  greater  brilliancy  than  in  the  atmosphere, 
proving  that  oxygen  gas  is  an  excellent  supporter  of 
combustion. 

Experiment  3.  Combustion  of  Fhosphonu  in  Oxygen. — Instead  of  the  plain  wire 
used  in  the  preceding  experiment,  procure  a  small  ladle  of  copper,  as  here  depicted. 
It  is  commonly  known  as  the  deflagrating  ladle,  and  may  be  obtained  under 
that  name  in  shops  where  chemical  instruments  are  sold.  Take  a  piece  of 
phosphorus,  not  larger  than  a  small  pea ;  dry  it  by  means  of  blotting-paper; 
place  it  in  the  deflagrating  ladle ;  ignite  it  by  contact  with  a  hot  wire ;  then 
plunge  it  into  the  jar  of  oxygen  gas.  The  combustion  of  the  phosphorus  in 
this  will  be  so  exceedingly  brilliant  that  the  eye  can  barely  tolerate  the  glare. 
The  result  of  this  combustion  is  a  solid  (phosphoric  acid). 

Experiment  4.  Eepeat  the  preceding  experiment,  substituting  sulphur  in 
place  of  oxygen.  The  combustion  will  not  be  so  brilliant  as  the  last ;  but, 
nevertheless,  exceedingly  beautiful. 

Experiment  5.  Combttstion  of  Iron  or  Steel  Wire  in  Oxygen  Gas. — I  have  said 
iron  or  steel  wire ;  but,  perhaps,  the  most  convenient  thing  to  be  used  in  this  experiment  is 
a  length  of  steel  watch-spring.  Select  a  length  proper  for  the  experiment ;  pull  it  at 
either  end,  and  pass  it  through  the  flame  of  a  spirit-lamp  or  a  bat's-wing  gas  burner, 
by  which  treatment  the  tendency  to  form  a  coil  will  be  removed,  and  it  will  be  ren- 
dered permanently  straight.  Attach  one  end  to  the  cork  and  tin-plate  disc,  as  in 
previous  experiments,  and  wind  round  the  other  extremity  a  little  cotton  wooL  If 
the  latter  be  ignited,  and  the  whole  spring  plunged  into  a  jar  of  oxygen,  the  steel  will 
take  fire  and  bum  most  brilliantly,  frequently  throwing  off  globules  of  molten  matter, 
which  bum  their  way  deep  into  the  substance  of  the  glass,  and  often,  indeed,  quite 
through. 

Jiesttlta  of  the  preceding  Combustions. — If  the  water  contained  in  the  soup  plates 
employed  for  the  experiments  1,  2,  3,  and  4,  be  tested  by  means  of  blue  litmus  paper, 
the  latter  will  be  reddened,  thus  indicating  the  presence  of  acid  matter.  The  com- 
bustion of  iron  yields  no  such  acid  result.  This  was  an  important  subject  of  contem- 
plation for  Lavoisier,  and  it  influenced  the  stmcture  of  his  celebrated  nomenclature. 
If  the  result  of  the  combination  of  a  body  with  oxygen  was  an  acid,  Lavoisier  indicated 
the  nature  of  the  acid  by  employing  the  name  (slightly  modified)  of  the  combining 
body ;  but  if  the  result  were  not  acid,  he  simply  termed  it  an  oxide.  Thus,  in  a 
preceding  instance,  we  obtain  by  the  combustion  of  charcoal  (carbon)  in  oxygen,  car- 
bon»<;  acid ;  but  the  combustion  of  oxygen  yields  oxide  of  iron.  Now,  in  the  instance 
of  carbon,  there  is  only  one  acid  combination  of  it  with  oxygen ;  but  had  there  been 
more  than  one,  some  means  would  be  necessary  for  their  verbal  discrimination. 
Lavoisier  determined,  that  supposing  the  acids  of  one  series  to  be  only  two,  the  termi- 
nations ous  and  ic  should  respectively  designate  them ;  ous  standing  for  the  least  rich  in 
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oxygen,  ic  for  the  most  rich.  If  more  than  two,  the  Greek  prefix  htfpo  ho  determined 
should  be  employed.  A  greater  number  of  compounds  than  these  terms  would  proyide 
for  was  not  known  in  his  time.  As  an  illustration  of  the  working  of  this  nomencla- 
ture I  may  cite  the  oxygen  compounds  of  sulphur,  which  are  all  acid.  For  a  long 
time  only  four  of  these  were  known,  and  their  designation  was  as  follows  :— 

By  Weight.  By  Atoms. 
S.     O.  S.    O. 

HypoBulphurous  acid    ....    32    16  22 

Sulphurous  acid 16    16  12 

Hyposulphuric  acid       ....     32    40  25 

Sulphuric  acid 16    24  13 

Kow  it  will  be  seen  that  hyposulphurous  acid  contains  less  oxygen  than  sulphurous, 
hyposulphiuio  less  than  sulphuric :  thus,  Lavoisier's  proyision  suffices  for  the  foiu* ; 
but  eventually  the  number  of  sulphur  and  oxygen  compounds  became  extended  to 
seven,  and  chemists  have  designated  them  as  follows : — 

Sulphurous  acid         •  .  «  .  .  .  S  Oj 

Sulphuric  acid  .  .  .  .  .  S  O3 

Hyposulphurous  acid  .  .  .  .  .  Sj  0, 

Hyposulphuric  acid  (Dithionie  aeid)  ,  .  .  Sj  O3 

Sulphuretted  hyposulphuric  acid  {Trilhionie  acid)  .  S3  O5 

Bisulphuretted  hyposulphuric  acid  [Tetrathionio  aeid)  .  S4  O2 

Trisulphuretted  hyposulphuric  acid  {Pentathionie  aeid)  .  S5  O5 

The  nomenclature,  it  must  be  confessed,  is  rather  unwieldly,  and  fax  less  expressive 
than  a  glance  at  the  symbolical  notation  designating  the  acids  in  question.  These 
chemical  symbols  are,  in  point  of  fact,  checking  the  development  of  chemical  nomen- 
clature—the eye  can  more  easily  see  a  scheme  of  combination  embodied  in  a  symbol 
than  the  tongue  can  give  it  utterance. 

Having  tiius  far  explained  the  scheme  of  the  principles  of  chemical  nomenclature 
devised  by  Lavoisier,  so  far  as  relates  to  the  oxygen,  it  remains  to  examine  the 
means  by  which  he  individualised  several  non-acid  combinations  of  the  same  consti- 
taents.  For  this  end  the  Latin  prefixes  proto  and  per  were  employed  to  denominate  the 
smallest  and  the  highest  grade  of  oxygenation  respectively,  and  the  numerals  di,  irif  &c. 
when  more  precise  distinction  was  required.  Occasionally,  too,  the  Greek  numerals  dis^ 
triSf  teirakiSf  were  called  into  operation ;  also  the  Latin  word  setqui.  This  general  idea 
of  the  scheme  of  Lavoisier  is  all  that  I  think  desirable  to  give  in  this  place.  Fami- 
liarity with  chemical  nomenclature  wiU  best  be  acquired  by  explaining  the  meaning  of 
other  terms  as  they  occur. 

6.  Combustum  of  Potassium  in  Oxygen, — This  can  be  effected  by  heating  potassiimi  in 
a  small  copper  ladle,  and  plunging  it  into  a  jar  of  oxygen  gas.  It  is  difficult,  however, 
to  make  the  potassium  bum  satisfactorily,  in  consequence  of  the  crust  with  which  it 
becomes  enveloped.  That  crust,  however,  is  potash — an  alkaii—taid  the  result  demon- 
strates how  great  was  the  impropriety  of  considering  oxygen  to  be  endowed  with  some 
necessary  quality  of  an  acidifying  agent. 

In  all  lie  preceding  experiments,  the  law  just  enumerated  would  bo  found  to  hold 
good,  provided  the  results  of  combustion  were  accurately  collected  and  weighed. 
Practically,  however,  it  is  a  difficult  matter  to  collect  the  results  of  combustion,  except 
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ihey  happen  to  be  solid.   2^ow  die  result  of  bunii^  inm  inMygsA  gw  ii « tdlid(i 
of  iron),  end  the  ei^ieruaentelist  may  easily  satisfy  hiaaelf  that  the^^elMdM  «id  liMMM 
of  this  eubstaaoe  prodnoed  wBigh  heavier  than  the  oi^ginal  irakh-spriaif  vufple^edi 
The  exact  amount  of  increase  is  equivalent  to  Ihe  weight  of  the  oxygen  ahsoiWd ;  M 

this  point  is  too  abstruse  for  a  learner  to  deasonstrate. 

The  easily-recognised  increment  of  weight  acquired  by  the  solid  results  of  combus- 
tion in-  oxygen— such,  for  example,  as  the  solid  result  of  the  combustion  of  the  watch- 
spring— is  intimately  associated  with  the  downfall  of  a  theory  already  alluded  to,  termed 
the  phlogUtie.  According  to  the  theory  in  question,  combustion  was  the  oowxmiitant,  if 
not  the  result,  of  a  loss  of  some  imaginary  principle  termed  'phlogiston  ;  but  when  it  was 
discovered  that  the  ashes  or  oxide  of  a  metal  actually  weighed  more  tiiali  the  original 
metal  itself,  the  phlogistic  theory  would  seem  to  have  been  abandoned  as  a  necessity. 
Not  so,  however :  its  tenets  had  established  themselves  so  firmly  in  tiw  mindt  of 
chemists,  that  the  argument  of  phlogiston,  being  a  priaciple  of  levity,  the  — iagwuit  of 
gravitation,  was  by  some  had  recourse  to.  Nevertbelees,  the  weakness  of  tbAmgunaoi 
is  almost  too  palpable  for  comment. 

Ozone. — Oxygen,  I  have  remarked,  can  only  be  obtained  unoombined  in  the  4itate  of 
gas ;  nevertheless,  fhis  gaseous  form  is  susceptible  of  assuming  a  peculiar  modificatioii 
of  qualities,  by  virtue  of  what  is  termed  allotropy  or  allotropism.  The  explanation  of 
this  strange  modification  is  totally  unknown ;  but  the  result  is  a  gaseous  body,  proved 
to  be  oxygen  on  analysis,  yet  differing  from  oxygen  in  many  curious  relations. ,  Before, 
however,  the  student  proceeds  to  study  tho  nature  of  ozone,  he  had  better  zBaloe  himself 
acquainted  with  a  few  properties  of  ordinary  oxygen  which  have  not  yet  come  under  hi8 
notice. 

Ordinary  oxygen  is  devoid  of  smell ;  it  does  not  bleach ;  it  does  not  corrode  sUver 
leaf;  it  docs  not  tinge  blue,  a  mixture  of  hydriodic  acid  and  starch.  Ozone  has  all 
these  properties,  and  may  thus  be  distinguished  from  ordinary  oxygen. 

Ozone  was  discovered  by  M.  Schonbein  of  Basle.  There  are  several  methods  d 
preparing  it ;  but  the  following  is  most  convenient : — Into  a  wide-mouthed  bottle  pour 
a  little  water,  just  sufficient  to  cover  the  bottom ;  scrape  a  piece  of  phosphorus  to  free 
it  from  external  crust,  *and  immerse  it  in  such  a  marmer  that  it  shall  be  partially  exposed 
to  the  air.  Ozonation  of  the  atmospheric  Oxygen  speedily  takes  place,  and  the 
operation  will  be  completed  after  the  lapse  of  some  hours.  The  ozonized  dzygen 
should  now  be  washed  by  transference  from  one  jar  to  another  several  times,  and  the 
operation  Is  complete.  The  gas  thus  prepared  will  be  found  to  have  acquired  a  pectiliar 
smell,  suggestive  of  the  odour  produced  by  a  powerful  electrical  machine  iiigood 
action.  In  point  of  fact,  the  electric  spark,  by  its  passage  through  atmospheric  air, 
generates  ozone ;  and  the  amount  of  ozone  generally  recognizable  in  the  atmosphere  is 
no  doubt  chiefly  due  to  the  operation  of  electric  agencies. 

HYDROGEN. 

EanvALBNT  oE  Atomic  Weight,.!. 
Weight  op  100  Cubic  Inches,  2*1492. 
Specific  Gravity,  0-0693. 

When  it  is  stated  that  hydrogen  is  a  constituent  of  water,  of  all  ttnimals  and 
vegetables,  and  of  some  minerals,  enough  will  have  been  said  by  way  of  demonstotfi&g 
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in.  tke  a^eme  of  creation.    To  ih»  speculatiFe  pbilosophec,  hydrogen 
4tfi€r  poults  of  interest.    Of  sU  pooderalik  bodies  it  is  tke  li^test ;  neyer- 
ia  misf  tif  its  mUtions  it  deaieajMi  itself  so  mucli  like  a  metal,  that  the 
;  iiiclniedy  bold  thdiigb  the  idea  may  seem,  to  oonsider  it  and  speak  of 
itasflMb. 

'  Sevvnd  gtUMii  ts  I  ba^e  already  indioated,  admit  of  being  reduced  to  the  liquid 
ani.  tin  wfid  eonditMins ;  bat  hydrogen  has  hitherto  baffled  «fcry  attempt  of  this 
band.  Tba  iortaaato  «b«aaist  for  whom  ibe  solidification  of  hyAnigen  is  reserved  may 
pmbabfy  &id  it  assome  the  aspect  of  a  metal.  Strange  thoiig^  such  a  result  may 
ficiBM,  it  if  fteooida&t  witk  all  the  reasonix^  of  chemists  whit^  lunre  been  brought  to 
bear  upon  iJbfl  Bobjeot 

Miteonml  Jfatiee,  Qgmtiifmts,  and  Detwatim  of  Hydrogen.— ThQ  term  Hydrogen  at 
present  empl(^red  vas  £rst  intitodiwed  by  Layoisicr.  It  is  derived  from  two  Qfeek 
words — w8«/),  water,  and  y^vnm^  I  generate— signifying,  therefore,  the  "  water-temcr." 
lh»  ancients  regatded  wat^  as  a  simple  snbstance,  and  the  opinion  held  its  ground 
antil  &e  lime  of  Lavoisier.  It  is  diffloult  to  refer  the  discovery  of  hydrogen  to  any 
one  pbaiosopher,  although  the  honour  is  usually  referred  to  Cavendish,  in  1766.  The 
gas  "wns  developed  in  the  course  of  many  chemical  operations,  and  had  long  been 
baown  iiader  the  appeUation  of  inflammaUe  air.  In  1781,  Watt  and  Cavendish  proved 
tbe  Tmti  of  fnflHining  a  mixture  of  oxygen  and  hydrogen  gas  io  be  water ;  and  not; 
img  af terwnvis  Lavoisier  proved  the  truth  of  the  English  philosophers'  synthetical 
«^^enment  by  the  result  of  the  analysis  of  water.  The  discovery  of  the  relative  volume 
of  oxygon  and  hydrogen  necessary  to  constitute  water  was  reserved  for  Yon  Humboldt 
and  Gray  Lussac,  being  exactly  one  volume  of  oxygen  plus  two  of  hydrogen.  Lavoisier 
aad  Ififeoanier  had  imagined  the  relation  to  be  as  12  oxygen  to  13  hydrogen  i  Feurcsroy, 
Tauquielin,  and  Segnin,  100  to  1M5 ;  and  Nicholson  and  Carlisle,  72  to  143.  Hydrogen 
is  caEed  by  the  French  Hydroffhtt^  by  the  Germans  WatteraUf.  The  tern  inflammable 
air  was  loosely  applied  not  merely  to  hydrogen,  but  to  other  gases  endowed  with  the 
property  of  combustion. 

BmretB  mid  Frepmration  of  JTjfdSro^Ai.^— Hydrogen  never  exists  in  nature  uooom- 
Mned.  Its  great  storehouse  is  water ;  but  it  also  exists  in  combination  with 
phosphorus,  sulphur,  iodine,  bromine,  carbon,  nitrogen,  and  almofit  all  ciganic  com- 
pounds. 

i^fv/Mtra^ioM.— Hydrogen  may  readily  bo  erolved  in  the  ccnditimi  of  gas,  but  under 
BO  ofiLer  form.    The  source  from  which  it  is  obtained  is  inyariably  water. 

l.-^By  bringing  Water  into  CtmUui  ¥nth  Potassium  er  Sodium. — Both  these 
metals  ptossess  a  remarkable  afSnity  for  oxygen;  consequently,  as  soon  as  either 
of  tiiem  is  brought  into  contact  with  water,  the  latter  is  immediately  decomposed, 
oxygen  tmiting  with  the  metal,  and  gemrating  an  alkaU,  wiiich  remains  in  solution, 
the  hydrogen  escaping.  If  the  experiment  be  conducted  in  the  open  air,  the  hydrogen 
takes  fire ;  but  if  performed  under  a  glass  reoeirer,  the  hydrogen  may  be  collected.  The 
most  efficient  manner  of  conducting  the  experiment  is  as  follows  :-- 

Take  a  small  glass  cylinder  closed  at  one  extremity.  Pour  mercury  into  it  until 
only  about  one  inch  remains  imfilled.  Into  this  remaining  space  pour  water ;  then 
closing  the  open  extremity  of  the  tube,  by  means  of  the  thumb,  invert  it  over  a 
STfffece  of  mercury  in  a  common  mercurial  trough.  By  the  preceding  manipula- 
tion, it  is  evident  that  the  small  portion  of  water  will  find  its  way  towards  the 
closed    end   of  the  tube.     The   apparatus  being  thus   disposed,  a   smpll  lump  of 
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potassium  or  sodium  may  be  forced  below  the  mouth  of  the  recelTiiig  ejrHnder, 
and  then  allowed  to  escape.    It  will  rise  through  the  mercury,  and  come  In  oontact 

with  the  water ;  by  which  contact  the  deeoiBh> 
position  of  the  water  will  immediately  ensue, 
its  oxygen  being  appropriated  by  the  potaasium 
or  sodium,  and  its  hydrogen  set  at  liberty  in 
the  tube.  Although  tiie  plan  described  la  t^ieo- 
retically  the  simplest  which  can  be  had  recourse 
to,  it  presents  some  practical  difficulties,  in  con- 
sequence of  the  extreme  violence  of  diecompo- 
sition  which  ensues.  To  modify  this  Tiolenoe, 
it  is  advisable  to  substitute  an-  ftmalgftm  of  mer- 
cury and  potassium,  or  sodium,  in  place  of 
either  of  the  alkaline  metals  alone. 
I  2.  By  Voltaic  Agency. — ^Under   the    head 

!  of  voltaic  electricity  (p.  247),  it  bas  already  been  shown  that  water  is  suscep- 
'  tible  of  decomposition  by  the  proper  application  of  that  agent.  It  is  needless, 
'  therefore,  to  repeat  the  description  in  this  place.  A  very  convenient  modi- 
'  fication  of  the  process,  however,  for  obtaining  hydrogen  by  means  of  voltaic 
;  agency— and  which  bas  the  merit  of  not  requiring  a  specisl  voltaio  battery— 
\  was  devised  by  Fuchs,  and  is  as  follows: — ^Invert  a  platinum  crucible  in  dihiei 
'  hydrochloric  acid,  and  whilst  thus  disposed,  lay  a  flat  zinc  plate  upon  its  baie. 
By  this  disposition  of  parts  voltaic  energy  results,  and  hydrogen  gas  collects  £a  th» 
\   crucible. 

I  3.  By  transtnitting  the  Vapour  of  Water  over  small  pieeee  of  Iron  contained  in  a  Pmw- 
^flm,  or  rather  an  Iron  Tube,  heated  to  rednees  in  a  fitmaee» — Iron  subjected  to  this 
operation  is  brought  to  the  condition  of  black  oxide,  or  the  oxide  which  constitateB 
the  scales  of  a  blacksmith's  forge,  and  which  results  when  iron  is  burned  in  oxygen 

gaa. 

The  experiment  just  described  possesses  much  collateial  importance,  illustrating  the 
fallacy  of  an  opinion  once  prevalent,  that  the  order  of  affinity  between  any  two  bodies 
might  be  determined  by  their  order  of  decomposition.  Supposing  that,  for  the  sake  of 
argument,  we  recognise  that  assumption  to  be  correct,  then  it  would  follow,  from  the 
preceding  experiment,  that  iron  must  have  a  greater  affinity  for  oxygen  than  bydrogen 
has  for  oxygen ;  but  if  a  current  of  hydrogen  be  made  to  permeate  oxide  of  iro% 

i    heated  to  redness  in  a  tube,  a  decomposition  precisely  the  reverse  ensues :  water  is 

■    generated,  and  metallic  iron  set  free.    The  fact  is,  that  the  order  of  affinity  subsistuig 

j    between  any  two  bodies  can  rarely,  perhaps  never,  be  determined  in  this  manner. 

:    This  subject,  however,  has  been  fully  treated  of  in  a  former  part  of  this  work  (pp> 

I    50,61). 

!         Perhaps  the  liberation  of  hydrogen  from  aqueous  vapour,  caused  to  pass  over  red-hot 

;    iron,  is  the  readiest  means  of  obtaining  the  gas  in  large  quantities.    It  possesses  an 

,    Mstorical  interest  from  the  following  circumstance  :-^ 

In  the  early  part  of  the  wars  of  the  great  (or  first)  French  Bevolution,  the  ei^ieri- 

.  ment  was  tried  of  employing  air-balloons  for  the  purpose  of  overlooking  a  hostile 
army,  and  noticing  its  disposition.     Of  course  it  became  necessary  to  provide  some  . 

:  portable  and  ready  means  of  liberating  hydrogen  gas ;  and  the  process  just  described 
was  adopted. 
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4,  From  a  mis^iure  of  Iron^  orZinc^  Water ^  and  Sulphuric  Acid,-^li  eitlicr  iron  or  aincj 
in  amall  picoea,  be  brought  into  contact  with  water,  slow  decompoBitioii  of  tlio  lattor 
results— ojcygen  ia  abaorbed  hj  the  iron  or  zinc,  and  hydrog*in  get  fret?,  Tho  prtMjess 
in  question}  howiwet,  is  bo  oicoedingly  elowj  that  for  jiU  practical  purposes  it  is  uaelQSS* 
If,  howevGT,  sulphurio  acid  bo  added  to  the  water^  dtMJomposition  ensues  with  gttat 
rapidity  ;  and  snch  is  the  process  usually  adopted.  Tho  most  obTioiis  explanation  of 
the  function  performed  hj  tho  acid  is,  that  it  diasolToa  the  casting  of  metallic  oxide  bo 
soon  as  formed ;  but  it  is  soared j  satisfactory^  at  least  in  thc^  ease  of  zinc.  Pure  jtinc 
ifl  acted  upon  with,  extreme  difficulty  by  dilnto  sulphuric  acid ;  and  pure  iron  ia  much 
lees  readily  diasolved  than  the  impure  metal.  Probably,  therefore,  tho  rapid  solution 
of  tbeee  metals  in  dilute  sulphuric  acid,  under  ordinary  conditieuB  of  impurity^  ia 
referable  to  the  existence  of  voltaic  currenta,  which  circulate  from  oao  portion  of 
itupTirc  metal  through  the  other. 

The  chemical  docompORition  inrolTed  tu  the  methed  of  liberating  hydrogen  gas  just 
described,  is  represented  by  the  follow  in  g  diagram  : — 

1  Water  i  ^  ^J^^^^^ _^escapes* 


,  ( 1  Hydrogen 
{  1  Oxygen 


1  2inc 

1  Sulphnjic  Bcid_ 


7 1  Oxidoof  Bine 


7l  Sulphate  of  oxide  of  zinc. 


For  the  purpose  of  generating  hydrogen  by  tli©  process  just  described,  a  glass 

retort  or  a  glass  flask,  provided  "with  perfo- 
rated cork  and  bent  tube,  may  bo  employed ; 

bat  if  large  quantities  of  hydregen  gas  havo 

to  be  liberated,  it  is  better  to  substitute  for 

the  glass  retort  or  flask  a  copper  yessel  of  the 

Mowing  description: — AB  represent  necks, 

Qoch  fltted  with  a  good  cork ;  the  latter  of 

w^hich,  or  cork  B,  is  perforated  and  adapted 

to  a  piece  of  pewter  gas  tubing,  which  Berres 

to  convoy  the  liberated  hydrogen  into  any 

tioDvenient  reaerroir* 

Ft&pertks  of  M^droffm^^TWs  element|  as  I  have  already  remarked,  can  only  be 

obtained  in  the  state  of  gas,  in 
whicb  condition  it  is  the  lightest 
of  all  ponderable  bodies,  100  cubic 
inches  only  weighing  2  1492  grs, 
Hydiogcn  gaa,  when  quite  pure, 
is  almost  devoid  of  odour  ;  but,  as 
ordinarily  prepared,  by  means  of 
zinc  or  iron  end  dilute  sul* 
phuxic  acid,  or  by  the  transmission 
of  aq^ueons  vapour  over  pieces  of 
A  iron  at  a  red-heat,  it  i^  obtained 
^^  in  combination  with  many  impu- 
rities, and  possesses  a  very  disa- 
greeable smell.     Theac  impurities 

are  a  volatile  oil,  formed  by  the  combination  of  tydrogeu  and  carbon ;  also  certain 

gaseous  combinations  of  arsenic  or  snlphur  with  hydrogen.      From  these  adventitious 
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bodies  hydrogen  may  bo  freed  by  bringing  it  into  prolonged  contact,  first  with  aqrieous  j 
solution  of  potash,  which  absorbs  the  otfensive  oil ;  next,  with  a  solution  of  bi-chl«ride  : 
of  mercury  (corrosive  sublimate),  which,  in  its  turn,  absorbs  the  arsenical  and  bbI-  ' 
phnrous  impurities. 

A  convenient  arrangement  for  accomplishing  the  above-mentioned  sepantioo  j 
is  represented  on  page  289.  A  is  a  generating  bottle,  into  which  dilute  sulphuric  j 
acid  and  granulated  zinc  being  thrown,  hydrogen  gas  is  developed.  The  disposition 
of  the  apparatus  is  such  that  the  gas,  as  soon  as  developed,  passes  thnm^^  the 
second,  or  three-necked  bottle  (6)  which,  containing  a  little  water,  separates  ill 
such  x)ortions  of  sulphuric  acid  which  may  happen  to  come  over.  Fassiiig  from  thii 
second  bottle  the  gas  is  mado  to  traverse  a  scries  of  U  tubes,  oonveniently  suspended 
from  a  frame.  The  first  of  those  tubes  contains  small  fragments  of  pumice-stone, 
moistened  with  solution  of  potash  ;  the  remaining  tubes  contain  solution  of  biohkiride 
of  mercury.  Hydrogen  gas  thus  treated  may  be  considered  free  from  admixtme  with 
any  impurity  except  aqueous  vapour,  which,  if  desired,  can  be  separated  by  transmissioD 
through  a  tube  containing  fragments  of  fused  chloride  of  calcium,  a  substance  which 
has  poweiful  hygroraetric  properties,  and  is,  therefore,  commonly  employed  for  the 
purpose  of  absorbing  aqueous  moisture. 

It  is  scarcely  necessary  to  remark,  that  a  gas  artificially  dried,  and  intended  to  be 
kept  dry,  must  not  be  collected  over  water  in  the  ordinary  pneumatic  trough.  A 
mercurial  trough  must  be  substituted.  The  description  of  a  mercurial  trough  of 
elaborate  construction  has  already  been  given  at  p.  182 ;  but,  for  the  greater  number 
of  purposes  to  which  the  instrument  is  applied,  the  expense  of  procuring  so  complete 
an  apparatus  need  not  be  incurred.  A  very  good  mercurial  trough,  for  general 
purposes,  admits  of  being  cut  out  of  a  solid  block  of  wood,  snch  as  mahogany ;  and 
small  mercurial  troughs  are  frequently  made  of  porcelain. 

It  will  be  evident  that  the  trouble  of  drying  a  gas  artificially,  and  collecting  it  over 
mercury,  would  be  thrown  away  if  the  receiving-jars,  or  other  vessels  employed,  were 
not  dried  also.  The  operation  of  d|^4ng  a  vessel  is  simple  enough  when  the  vessel 
possesses  an  orifice  large  enough  to  admit  the  hand,  or  when  it  has  two  apertures,  so 
that  a  current  of  air  can  be  established ;  but  otherwise  the  operation  is  not  so  obvious 
as  to  render  description  unnecessary.  Suppose,  for  example,  it  were  desired  to  dry  a 
Florence  flask,  moistened,  wo  will  assume,  with  pure  water :  it  woidd  be  necessary  to 
warm  the  fiask  by  holding  it  near  the  fire  ;  then  inserting  a  tube,  the  operator  should 
get  rid  of  the  major  part  of  the  vapour  by  blowing,  but  finish  the  operation  by  inspiring 
through  the  tube.  A  still  better  plan  is  to  substitute  for  the  mouth  and  Inngs  a  pa:^ 
of  bellows. 

Rydzogen  Gas  is  Combustible. — Perhaps  the  simplest  form  of  apparatus  for 
demonstrating  this,  though  not  the  most  elegant,  is  the  fallowing : — ^Take  a  phial  or 
small  bottle,  adapt  to  it  an  accurately-fitting  cork,  through  which  mako  a  oiionlar  per- 
foration, and  fix  in  the  latter  the  stem  of  a  tobacco-pipe.  Into  the  bottle  throw  some 
fragments  of  granulated  zinc,  and  enough  diluted  sulphuric  acid  (one  part  <tf  acid  to 
about  six  or  seven  of  water,  both  by  measure)  to  cover  them ;  then  insert  the  eork, 
furnished  with  its  tobacco-pipe  shank,  as  described.  Hydrogen  gas  will  be  imxBAdistely 
developed,  and  passing  through  the  tobacco-pipe  shank,  will  eseape ;  bat  the  first 
portions  of  gas  which  emerge  will  evidently  be  mixed  with  atmospheric  air.  When, 
in  the  operator's  judgment,  all  the  atmospheric  air  has  been  driven  forth,  and  unmixed 
hydrogen  is  escaping,  a  lighted  taper  may  be  applied  to  the  extremity  of  the  tobacco- 
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pe  ahanky  and  the  liberated  ga«  will  bum  tranquilly,,  and  with  slight  luminosity.  If 
le  tiq>er  bo  applied  hefote  all — or,  at  any  rate,  the  greater  portion — of  atmospheric  air 
18  escaped,  an  explosion  will  probably  result— not  dangerous,  but  sufficient  to 
;OW  out  the  cork.  Should  an  aocident  of  this  kind  occur,  it  will 
;  least  impress  on  the  student's  memory  the  valuable  fact,  that 
though  hydrogen  unmixed  bums  tranquilly,  yet  hydrogen  mixed 
ith  atmospheric  air  constitutes  an  explosive  mixtuie— it  eontti'^ 
ites,  in  point  of  fact,  the  fire-damp  of  coal-mines.  A  mixture  ^f 
ve  volumes  of  atmospheric  air  and  two  volumes  of  hydrogen  gas 
the  most  explosive  that  can  be  formed  of  these  two  gaseous 
odics. 

The  apparatus  just  described  is  very  jough — but  I  wish  thus 
irly  to.  impress  on  the  pupil's  mind  the  important  fiusi  that 
m^  apparatus  is  valuable  in  its  way.  A  very  prevalent  opimoa 
dsts  that  chemical  science  cannot  be  studied  experimentally, 
7en  in  its  rudiments  and  general  principles,  without  the  aid  of 
ipensive  apparatus;  this  is  a  mistake  which  cannot  be  too 
trenuously  battled  against.  The  first  attempt  of  a  young 
tudent  of  chemistry  should  be  to  make  himself  acquainted  with  principles ;  and 
LOt  unfrequently  principles  are  better  inculcated  by  rude  and  imperfeet  than  by 
ighly-finished  and  perfect  apparatus.  The  latter  are  frequently  deficient  in  one 
laportaxit  educational  particular — they  do  not  well  make  known  the  difficulties  to  be 
onquered  in  achieving  a  perfect  result,  and  they  prevent  the  learner  from  deriving  the 
idncational  benefit  which  mishaps  and  foiled  attempts  are  able  to  confer. 

The  expeiiment  just  described  involves  the  performance  of  an  operation  with  which 
'.  am  to  suppose  the  learner  unacquainted,  and  which,  therefore,  should  be  illustrated. 
\  cork  has  to  be  perforated  with  a  hole,  and  this  process,  simple  though  it  may  appear, 

T  requires  some  little  practice  to  do  it  well.  Chemical  apparatus 
makers  sell  instruments  known  as  cork-borers.  They  are  sold 
in  sets,  no  two  being  of  the  same  dimensions,  and  one  fitting  into 
the  other.  Each  of  these  cork-borers  is  a  brass  tube,  some  four 
or  five  inches  long,  filed  to  a  rough  or  saw-like  edge  at  one 
extremity  and  left  blimt  at  the  other.  Near  to  the  blunt  end 
each  borer  is  pierced  with  a  transverse  hole,  through  which  a 
piece  of  wire  may  be  thrust,  so  as  to  enable  the  (^erator  to  give 
rotatory  motion.  When  it  is  desired  to  perforate  a  cork,  one 
^^9^^^  of  these  borers  is  to  be  chosen,  a  little  smaller  than  the  tube 

■h|3ffi  intended  to  be  finally  thrust  into  the  cork ;  then  rotatory  motion, 

HllliH  aceompanied  by  gentle  pressure,  being  applied,  a  hole  is  speedily 

^sJBIuMi  made.     If  the  hole  be  too  small,  it  admits  of  being  enlarged 

^BHamH  by  means  of  a  rat's-tail  file. 

I  shall  now  describe  more  perfect  forms  of  apparatus  for  ]^o- 
uring  a  jet  of  hydrogen,  or,  indeed,  any  other  gas,  premising  that  the  instructions   ' 
>  la  l^ven  will  not  only  refer  to  the  particular  gas  undar  consideration,  but  to  all  gases 
rhstefw. 

Fig.  A  represents  an  arrangement  by  the  aid  of  which  a  jet  of  gas  can  be  liberated 
irbm  an  ordinary  bell-glass  receiving  jar.  By  referenee  to  the  iUustrative  diagram, 
t  will  be  seen  that  the  jar  in  question  is  supplied  with  a  brass  eap,  into  iThich  is 
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screwed  a  stop-cock.    Through  the  aperture  of  this  stop-cock  it  is  evident  that  gas 

must  rush  if  the  jar  be  forced  down  into 
the  water  of  the  trough  by  manual  pressure. 
Should  it  be  desired  to  obtain  a  smaller  jet 
than  that  which  would  result  £rom  the 
mere  stop-cock  bore,  such  a  jet  may  be 
readily  made  out  of  a  glass  tube,  or  eyen  out 
of  the  shank  of  a  tobacco-pipe.  The  chemist 
who  works  with  gases  must  procure  a  few 
stop-cocks,  with  intermediate  connecters; 
and  when  procuring  them,  he  should  see 
that  they  are  cut  with  the  same  sciew- 
thread.  Much  trouble,  indeed,  wUl  be  saved 
if  the  chemical  student,  in  the  getting  up 
of  his  laboratory  requisites,  takes  care  to 
have  but  one  screw-thread  pervading  all  his 
apparatus  in  which  a  screw-thread  occurs. 
By  attending  to  this  precaution,  it  is  aston- 
ishing how  much  expense  and  trouble  may  be  avoided. 

'    A  lot  of  stop-cocks,  with  their  accompanying  connecters,  is  represented  in  the  cut 

annexed.     It  may  here  bo  proper  to  remark, 

that  in  screwing  together  any  combination 

of  apparatus  intended  to  be  ultimately  made 

air-tight,  the  tightness  is  not  attempted  to  be  given  by  any  accuracy  of  the  screw- 

|n«l  thread  itself,  but  by  little  collars  of  leather,  card,  or  india- 

^  ^XT      i         rubber,  well  oiled,  and  bearing  against  the  shoulders  of  the 

M^SflT    jj^lH       apparatus  a  b.    These  little  collars  require  a  punch  for  their 

M^^^^l^^^^       manufacture  to  cut  the  central  holes,  and  neat  operators  will 

also  employ  a  second  punch  to  cut  the  external  contour ;  bat  tiie 

latter  part  of  the  operation  may  be  accomplished  by  means  of  a  knife  or  a  pair  of  scissors. 
Another  plan  for  obtaining  a  jet  of  gas  (Fig.  B)  involves 

the  use  of  a  moistened  bladder,  or  a  bag  of  india-rubber 

material.    It  is  scarcely  necessary  to  mention,  that  the 

flaccid  receiver  in  question  must  have  securely  tied  into 

its  mouth,  by  means  of  waxed  thread,  a  brass  connecting 

piece,  which,   being  done,  the  method  of  filling  it  is 

easy  by  the  process  represented  in  the  annexed  cut. 

When  filled,  the  bag  is  to  be  unscrewed  from  the  bell  jar, 

a  jet  attached,  and  the  gas  employed  according  to  the 

nature  of  the  desired  experiment. 

By  far  the  most  eligible  means,  however,  of  obtaining 

a  gaseous  jet,  if  the  operator  possess  a  gas-holder,  or 

gasometer,  is  by  employing  that  useful  instrument. 

Fig.  C  represents  a  gas-holder  of  japanned  tin- ware. 

To  employ  it  the  following  operations  must  be    gone 

through : — ^The  cap  c  being  firmly  screwed  on,  and  the  stop-  Fig.  B. 

cocks  S  and  S'  opened,  water  is  poured  into  the  reservoir  R,  when  it  is  evident  that  the 

water,  by  descending  through  the  stop-cock  S  to  the  closed  reservoir  G,  will  ultimately 
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fill  it.    The  stop-cocks  S  and  S'  are  now  to  be  shut,  and  the  cap  e  unscrewed.    The 

generated  gas  is  now  to  be  liberated  through  the  aperture  |^ 

at  e  into  the  ycsscI,  which  it  will  ultimately  fill,  the  charge       ^  Hlliillflll 

of  water  running  out.    When  quite  full  of  gas— or,  in  if  HlllIlilH 

other  words,  empty  of  water — the  cap  (;  is  to  be  securely  fJK  ■mhhHIi 

screwed  on,  and  the  apparatus  is  ready  for  application. 

Supposing  that  application  to  be  the  production  of  a  jet,  it 

is  accomplished  by  pouring  water  into  E,  and  opening  both 

stop-cocks,  when  a  current  of  gas  will  evidently  escape 

through  S'. 

Having,  by  either  of  the  contrivances  detailed,  suc- 
ceeded in  procuring  a  jet  of  hydrogen  gas,  let  the  jet  be 


ignited,  and  let  the  student  observe  how  deficient  it  is  in  Fig.  C. 

luminosity. 

Ghemioal  RMiiilt  of  the  Combustion  of  Rydzogeai  In  OxLygen.— If,  over 
any  conveniently-arranged  jet  of  burning  hydrogen  gas,  a  dry  bottle  or  receiving-jar 
be  held,  the  interior  of  the  jar  or  bottle  will  speedily  bo  dewed  by  moisture— that 
moisture  is  deposited  water,  from  which  we  arrive  at  the  conclusion  that  water  is  a 
result  of  the  combustion  of  hydrogen  gas  in  atmospheric  air.  But  atmospheric  air  is 
composed  of  oxygen  gas,  and  another  gas,  npt  yet  treated  oi^Nitrogen,  Now,  it  is 
the  oxygen  part  of  the  air  which  supports  combustion ;  and  hence  it  follows  that  water 
resolta  from  the  combustion  of  hydrogen  and  oxygen  gases. 

To  demonstrate  this  proposition  rigidly,  it  will  be  necessary  to  work,  with  gases 
artificially  dried,  and,  of  course,  to  employ  the  mercurial  pneimiatio  trough  ;  a  Caven- 
dish's eudiometer,  an  air-pump,  and  electrical-machine  will  be  also  necessary. 

•  The  steps  of  the  operation  are  as  follow :— First  screw  the  eudiometer  firmly  upon 
the  plate  of  an  air-pump,  and  exhaust  the  atmospheric  air  which  it  contains.  Then 
turn  the  stop-cock,  and  attach  the  eudiometer  to  a  receiving-jar,  standing  over  mercuryi 
and  filled  with  a  mixture  of  two  parts  by  measure  of  hydrogen  gas  and  one  of  oxygen. 
Now,  throwing  open  the  communication  between  the  eudiometer  and  jar,  it  is  evident 
that  the  former  will  become  filled  with  the  mixed  gas ;  and  here,  assuming  all  the 
atmospheric  air  it  originally  contained  to  have  been  absolutely  removed,  this  part  of  the 
operation  might  end.  However,  in  practice,  it  is  impossible  to  effect  at  once  the  extraction 
of  all  the  atmospheric  air;  consequently  the  exhaustion  process,  by  means  of  the  air-pumpj 
will  have  to  be  repeated,  and  the  eudiometer  connected  with  the  mixed  gas  as  before. 
When  filled  a  second  time  the  eudiometer  must  be  removed  from  the  jar,  screwed  upon 
its  own  foot,  as  represented  in  the  diagram  at  page  231,  and  the  contained  gases  fired  by 
means  of  an  electric  spark.  The  eudiometer  will  be  now  dewed  with  moisture  internally, 
and  will  contain  nothing  except  this  moisture,  as  admits  of  ready  demonstration  by 
opening  its  stop-cock  under  the  surface  of  mercury,  which,  rushing  up  into  the  vacuum 
created,  wiU  fill  the  vessel.  For  this  capital  demonstration  we  are  indebted  to  Cavendish. 
Sffoots  of  Rydxogen  Burning  in  Atmosphezic  Aix. — On  causing  the  ear 
to  afproach  one  of  these  burning  jets,  a  series  of  explosions  may  be  heard ;  but  a  far 
better  means  of  rendering  them  evident  is  as  follows : — ^Take  a  glass  tube,  open  at  both 
extremities,  hold  it  vertically,  and  cause  the  hydrogen  flame  to  bum  a  little  way  up 
the  tube.  By  adjusting  the  tube,  and  allowing  the  jet  to  bum  at  different  points  of 
elevation,  the  point  will  most  likely  be  discovered  at  which  the  glass-tube  will  be 
caused  to  emit  a  musical  sound.    If  the  first  tube  employed  should  not  answer  the 
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purpose,  oihen  may  be  tried.  The  musical  sound  in  quettioa  rwoHs  from  Tibnticns 
generated  by  the  series  of  little  explosions.  Instead  of  glass  tubes,  wine  bottlai— ^xr, 
perhaps,  still  bettor,  soda-water  bottles— may  be  substituted. 

A  Jktmifif  Jet  of  Ilydrogen  Oaa  may  be  inere€s$d  in  Lummtuity  ly  tke  pretence  of 
Incanieseent  SoHd  Pnttichs,  — Construct  a  small  sieve  of  wire  gauze,  and  attach  to  it  a  tti(^ 

as  represented  in  tiie  ^agram.  Into  this 
sieve  place  a  little  of  the  powdered  sab- 
stances  presently  to  bo  deaoribed,  and 
cause  the  substance  to  fiall  in  ehowen 
upon  the  gas  jet  by  striking'  die  Imidle 
of  the  sieve  with  a  tnnall  malkt. 

Charcoal  Powder. — ^No  socoaer  does 
the  material  touch  the  flame  than  the 
amount  of  light  eyolved  from,  the  latter 
is  greatly  increased ;  but  the  result  is  a  mixed  case,  inasmuek  as  charooel  powder 
is  itself  combustible. 

Zimej  Mafffiesia,  Alumina,— On.  substituting  either  of  these  bodies  for  the  ehaicoal  in 
the  preceding  experiment,  an  increase  of  luminosity  also  results,  and  the  efifeot  is  in 
neither  of  these  cases  due  to  combustion.    These  experiments  illustrate  the  conditioiu 
which  require  to  be  fulfilled  in  imparting  luminosity  to  flame.    The  presence  of  incan- 
descent solid  particles  is  absolutdy  necessary  to  that  result.  j 
Influence  of  finel7->diTi4e4  Flatinnm  vpon  a  Jet  off  gyiaoft—i  €h«.  ; 
^By  finely-divided  platinum  is  meant  not  filings  of  that  metal,  or  any  mechanical 
preparation  of  the  same,  but  one  of  two  substances  known  respectively  as  sponger 
platinum,  and  platinum  black ;  both  of  them  will  be  folly  described  hereafber  under 
die  head  of  platinum.      It  suffices  here  to  indicate  the  existence  of  these  bodies, 
and  their  applicability  to  our  present  wants.     Both  spongy  platinum  and  platinum 
black  are  endowed  with  the  property  of  causing  a  jet  of  hydrogen  to  inflAme  when 
held  in  the  latter.    For  convenience  of  manipulation  it  is  usual  to  mix  the  conmunnted  > 
metal  with  a  certain  amount  of  clay  and  sal-ammoniac,  to  moisten  the  whole  with  | 
water,  and  to  mould  the  pasty  result  into  little  balls,  each  about  the  dimensions  of  a  j 
pea.    These  clay  platinum  balls,  after  having  been  heated  to  redness,  are  ready  for  the  ' 
purposes  of  experiment.  ! 
Experiment  1.    Lay  hold  of  one  of  these  littie  balls,  by  the  aid  of  a  loop  of  plati-  j 
num  wire,  and  hold  it  in  a  jet  of  hydrogen  gas.     The  pellet  soon  grows  incandes-  j 
cent,  even  to  whiteness,  and  the  gas  inflames.    In  like  manner,  these  littie  pdlets  msy 
be  employed,  instead  of  the  electric  spark,  for  causing  tiie  union  of  mixtures  of  oxygen 
and  hydrogen,     mixed   or  unmixed,  with 
other  gaseous  bodies.   Frequently,  too,  they 
admit  of  employment  under  circumstances 
when  the  electric  spark  would  be  inappli- 
cable.    For  example,  it  has  already  been 
mentioned  that  the  exact  ratio  of  combina- 
tion for  oxygen  and  hydrogen  gases  to  form 
water,  is  two  measures  of  hydrogen  to  one 
of  oxygen.  This  ratio  may  be  varied  to  some 
extent   in  either  direction — that  is  to  say, 
either  an  excess  of  oxygen  or  of  hydrogen,  within  given  limits,  may  be  employed,  lad 
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thfl  oLsotrio  spuk  Ib  itill  effeotire,  the  overpluB  of  either  gas  remaining  tmoombined ; 
hot  if  the  correot  ratio  of  admixture  be  confliderably  departed  from,  electricity  can  be 
no  Longw  used  as  the  combining  agent,  and  the  experimental  chemist  must  hare 
reconzss  to  baUs  of  spongy  platinum.  He  does  this  in  the  folloTTing  manner :-— The 
mixture  of  gases  being  confined  in  a  tube,  or  small  jar,  over  mercury,  one  or  more  of 
the  little  balis,  previously  ignited  in  a  spirit-lamp  flame,  is  pushed,  by  means  of  a  pair 
of  focceps,  underneath  the  orifico  of  the  little  receiving  vessel,  supported  over  a 
meiourial  trouc^,  and  allowed  to  rise  in  contact  with  the  gas.  This  being  done, 
ocmibiiMitioa  rapidly  takes  place. 

Mmmt  Aereloped  by  Bydxogen. — A  Jet  of  Inflamed  ffydroffen  Gasj  although 
slightly  Luminous^  develops  much  Se«^.— This  proposition  may  be  demonstrated  by  holding 
a  piece  of  glass  tubing  in  the  ignited  jet,  and  noticing  the  rapidity  with  which  it  fuses. 
A  Jet  of  Inflamed  Hydrogen  Gas  has  its  Heating  Powers  greatly  increased  by 
paetmf  through  it  et  Jet  of  Oxygen, — This  may  be  readily  de- 
monstrated by  a  contrivance  of  the  following  description. 
Let  A  represent  a  vertical  jet  of  hydrogen  gas,  and  B  a 
horizontally  airanged  jet  of  oxygen.  By  combining  the 
two  the  flame  will  be  bent  from  its  upward  course  to  the 
direction. 0,  at  idiich  point  the  most  splendid  effects  of  com- 
bustion may  Jw  produced.  An  iron  nail  held  there  speedily 
melts,  so  even  does  a  tobacoo-pipe  or  other  piece  of  earthenware. 

A  certain  Elevation  of  Temperature  is  necessary  to  the  Existence  of  Flame, — ^This 
proposition  is  not  only  true  as  regards  the  flame  of  burning  hydrogen,  but  of  all 
flame  whatever.  Now,  however,  is  a  fitting  opportunity  for  illustrating  the  general 
proposition. 

Having  bent  a  length  of  strong  brus  wire  into  the  form  of  a  ring  at  one  extremity, 
lower  the  ring  part  on  the  flame  of  a  small  wax  taper :  the  flame  will  be  incapable  of 
passing  througjh  the  ring  if  the  latter  be  sufficiently  small ;  but  a  considerable  amount 
of  fuliginoita  matter  wUl  ascend  through  the  ring,  and  may  be  re-ignited  above  it- 
By  substituting  a  jet  of  inflamed  hydrogen  gas  for  the  taper  flame,  a  like  result 
will  supervene.  In '  consequence,  however,  of  the 
combustion  of  hydrogen  giving  rise  to  no  fuliginous 
matter,  one  phase  of  the  previous  experiment  will 
cease  to  be  obvious.  By  diminishing  the  size  of 
the  ring,  and  using  several  of  the  latter,  the  wire 
employed  may  be  of  slighter  diameter;  and  as  the 
shape  of  the  aperture  is  of  no  consequence,  the 
material  wire*^auze  suggests  itself  as  being  the  most  convenient  means  of  pro- 
ducing the  desired  result.  If,  then,  a  piece  of  wire-gauze  be  held  over  the  flame 
of  a  taper,  of  a  spirit  lamp,  of  hydrogen,  or  indeed  over  any  flame  whaterver, 
we  diall  find  that  the  wire-gauze  eflectually  prevents  its  transmission.  This  effect 
is  referable  to  the  cooling  agency  of  the  metal  of  which  the  ring,  or  net-like  screen, 
is  formed,  and  admits  of  several  useful  applications,  as  will  be  presently  seen. 

A  Misrture  of  Oxygen  and  Hydrogen  Oases  in  due  Proportions  is  Explosive. — In 
an  experiment  detailed  at  page  231,  when  two  parts  by  measure  of  hydrogen 
with  one  by  measure  of  oxygen  were  confined  in  the  eudiometer  of  Cavendish,  and 
fired  by  means  of  an  electric  spark,  perfect  and  instantaneous  combination  of  the 
two  resulted ;  but  inasmuch  as  the  mixed  gas  was  securely  confined,  the  union  was 
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not  attended  by  explosion.  If,  however,  a  similar  mixture  be  now  prepared,  transfeirod 
to  a  strong  soda-water  bottle,  and  a  flame  brought  near  to  the  mouth  of  the  latter, 
there  wiU  be  a  violent  explosion ;  and  here  it  may  be  useful  to  observe,  that  explosion 
is  nothing  more  than  the  result  of  a  series  of  waves  developed  suddenly  in  any  gaseous 
medium.  Whenever  the  phenomena  of  combustion  are  raised  to  their  highest  degree  of 
energy,  and  the  'results  of  such  combustion  are  gaseous  or  vaporous,  explosion  is  the 
universal  concomitant.  Explosion  is  so  usually  associated  with  combustion,  tliat  wc 
are  apt  to  assume  a  necessary  connection  between  the  two :  this  supposition,  however, 
would  bo  incorrect.  The  only  condition  necessary  to  explosion  is  the  occurrence  I 
instantaneously  of  violent  aerial  concussions.  A  well-known  instrument  termed  the 
bladder-glasa  demonstrates  the  truth  of  this  assertion. 

The  bladder-glass  is  an  instrument  something  like  an  old-fiushioned  salt-cellar  in 
shape,  but  open  at  each  end.  Over  the  larger  orifice  ia  securely 
tied,  by  means  of  waxed  thread,  a  piece  of  moistened  bladder, 
which  latter,  so  soon  as  it  is  dry,  constitutes  a  hard,  tense  drum- 
head in  miniature.  If  a  bladder-glass,  thus  duly  prepared,  be 
laid  flat  on  the  plate  of  an  air-pump,  its  smaller  orifioe  down- 
ward, and  the  pump  set  in  motion,  a  vacuum  will  be  created  within,  and  the  full  force 
of  atmospheric  pressure  will  take  place  externally  on  the  tense  membrane.  Usually 
this  atmospheric  force  suffices  to  break  the  membrane  with  a  loud  crash* 

A  very  elegant  means  of  showing  the  explosive  nature  of  mixed  oxygen  and  hydrogen 
gases  is  by  inclosing  portions 
of  it  in  soap-bubbles,  and  set- 
ting flre  to  the  latter.  The 
apparatus  for  accomplishing 
this  result  is  exceedingly  simplo 
— a  bladder,  with  stop-cock 
and  tobacco-pipe  attached,  and 
a  basin  of  soap-suds,  being  all 
the  experimenter  requires. 

When  a  pyramidal  assemblage  of  soap-bubbles  have  collected  on  the  surface  of  the 
soap  solution,  and  the  bladder  has  been  removed,  the  pyramid  may  be  ignited  by  means 
of  a  taper.  A  very  loud  explosion  results,  but  the  experiment  is  free  from  all  danger. 
Inasmuch  as  the  mixed  explosive  gases  are  lighter  than  atmospheric  air,  bubbles  blown 
with  it  may  be  detached,  when  they  will  rise  towards  the  ceiling,  and  may  be  ignited 
in  their  upward  flight. 

The  explosive  qualities  possessed  by  a  mixture  in  due  proportions  of  oxygen  and 
hydrogen  gases  supplies  us  also  with  the  rationale  of  the  explosive  nature  of  a  mixture 
in  certain  proportions  of  oxygen  gas  and  atmospheric  air.  Although  a  consideration  of 
the  nature  and  qualities  of  the  atmosphere  onl/  admit  of  being  fuUy  discussed  sub- 
sequently to  the  investigation  of  nitrogen,  nevertheless  the  student  having  beoi 
already  informed  that  the  atmosphere  is  a  mixture  of  oxygen  and  nitrogen,  will 
comprehend,  without  difficulty,  the  significance  of  certain  remarks  about  to  be 
made.  So  long  as  hydrogen,  either  imcombined  or  in  union  with  carbon,  is  burned  as 
it  escapes  from  a  jet,  no  explosion  can  result ;  but  if,  instead  of  burning  at  once,  it  be 
mixed  with  atmospheric  air,  then  explosion,  on  the  application  of  flame,  is  imminent 
Such  dangerous  mixtures  frequently  occur.  Thus,  for  instance,  a  flaw,  or  aperture, 
may  occur  in  an  ordinary  gas  pipe,  permitting  the  escape  of  gas  into  an  apartment, 
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under  which  conditioxis  explosion  would  probably  result  from  bringing  a  lighted  candle 
into  the  room ;  but  a  far  more  dangerous  contingency  follows  the  mixture  of  hydro- 
genous gas  with  atmospheric  air  in  the  narrow  galleries  of  a  coal  mine.  Acres  of 
ezfdosiYe  gas  may  there  be  generated,  waiting  for  the  approach  of  a  flame  to  ignite  and 
work  its  desolation.  A  natural  explosive  mixture  of  this  kind  is  known  to  millers  as 
the  fire-damp,  and  its  effects  are  imfortunately  too  familiar  for  comment. 

Now  it  is  only  possible  for  the  coal-miner  to  carry  on  his  operations  by  the  aid  of 
artificial  light,  and  it  is  of  the  utmost  importance  to  be  possessed  of  a  means  of  illu- 
mination that  shall  be  incapable  of  exploding  the  artificial  mixture.  The  first  resource 
of  this  kind  which  suggested  itself  to  the  miner  was  the  ateel-milly  as  it  is  ordinarily 
termed.  It  consists  of  a  steel-cyliader  made  to  reyolve  in  contact  with  a  piece  of  fiint. 
The  consequence  of  this  motion  is  a  shower  of  sparks ;  and  as  fiame  is  absolutely 
necessary  to  the  explosion  of  fire-damp,  the  steel-mill  admits  of  being  worked  with 
impunity.  Unfortunately,  however,  the  illuminating  power  of  this  instrument  is  but 
small,  and  its  use  is  otherwise  inconvenient.  Next  followed  the  celebrated  lamp  of 
Davy,  ordinarily  known  as  the  Davy  lamp,  the  principles  and  construction  of  which 
will  be  rendered  evident  by  a  few  words  of  explanation.  A  sheet  of  wire-gauze  we 
have  already  seen  to  be  an  impediment  to  the  transmission  of  fiame.  The  idea  occurred 
to  Davy,  that  if  a  lamp-fiame  were  to  be  altogether  surrounded  by  a  cage  of  wire 
gauze,  such  a  lamp  might  be  allowed  to  remain  in  an  atmosphere  of  explosive  gas  with 
impunity.  Davy's  opinion  is  confirmed  by  practice,  so  long  as  the  mixture  of  explosive 
gases  .remains  perfectiy  tranquil ;  but  the  circumstance  cannot  be  too  strongly  insisted 
on,  that  under  these  conditions  alone  of  perfect  tranquillity  is  it  safe.  It  is  also 
somewhat  unfortunate  for  the  posthumous  fame  of  Davy,  that  he  knew  the  lamp  to 
be  unsafe ;  indeed,  in  one  of  his  descriptions  of  the  lamp,  he  intimates,  that  if  the 
miner  should  come  near  a  current  of  gas,  he  should  protect  the  lamp  by  his  hat. 
Notwithstanding  the  frequent  accidents  which  have  occurred  concomitantly  with  the 
use  of  Davy's  lamp,  a  notion  far  more  general  than  it  is  just  still  prevails,  that  the 
instrument  is  safe  under  all  circumstances. 

Unquestionably  the  lamp  admits  of  being  made  safe  by  application  of  the  principle 
80  beautifully  worked  out  by  Davy — viz.,  that  fiame  of  any  power  may  be  extinguished 
by  the  intervention  of  tubes  or  orifices  possessing  a  competent  amount  of  cooling 
BurflAce ;  but  the  melancholy  experience  of  nearly  forty  years  has  amply  demonstrated 
the  small  amoimt  of  reliance  that  should  be  placed  on  a  single  layer  of  wire-gauze.  As 
regards  the  facility  with  which  fiame  may  be  made  to  pass  through  the  wire-gauze 
cylindrical  screen,  the  records  of  numerous  coroner's  inquests  bear  striking  though 
melancholy  testimony.  Miners  have  discovered  the  fatal  secret  of  sucking  out  the 
flame  by  means  of  a  tobacco-pipe,  for  the  purpose  of  indulging  in  the  luxury  of 
smoking ! 

The  Ozyhydzogen  Light. — We  have  already  seen  that  a  very  powerful  fiame 
results  firom  the  passage  of  a  jet  of  oxygen  gas  through  an  ignited  jet  of  hydrogen ;  still 
more  powerful  is  the  fiame  if  the  two  gases,  in  due  proportions,  are  mingled  together. 
Various  plans  have  been  devised  and  carried  into  execution  for  effecting  this  without 
danger.    Some  of  these  I  shall  now  proceed  to  enumerate. 

Oume^a  Hydrth'Oxygen  Blowpipe, — Taking  advantage  of  the  fact  which  we 
have  already  mentioned,  that  fiame  is  retarded  by  the  intervention  of  a  sheet  of 
wire-gauze,  Mr.  Goldsworthy  Gumey  imagined  that  several  layers  of  wire-gauzo 
might  even  be  efficient  in  checking  the  progress  of  fiames  resulting  firom  the  com- 
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bustion  of  oxygiA  and  hydrogen  gases.    The  lesuU  justified  his  ezpe0talioiis»  aad 

0  orne j's  hydro-oxygen  blowpipe  is  mtde  in  confonnity  with  the  principle  in  qnestioi. 

The  safety  part  of  Mr.  GiuiK^s  instrumeBt 
consists  of  a  brass  cylinder,  into  which  as 
many  layers  as  it  will  hold  of  accurately- 
fitting  wire-gaujse  discs  are  lighlly  impacted. 

The  rosenroir  part  of  the  instrument  admits  of  much  yariatiML  It  may  consist  of  an 
ox-bladdcr,  or  a  gasometer,  or  an  India-rubber  bag.  Mr.  Gumey  pftferred  the 
former. 

Seminfs  Safety  Apparaiut. — Rather  more  simple,  and  it  may  be  more  firee  from 
danger,  is  the  safety  apparatus  of  Mr.  Hemming :  it  consists  of  a  brass  cylindrical  bat 
filled  with  pieces  of  brass  wire,  each  of  the  same  length  as  itself,  and  tig^y  impacted 
together  by  means  of  a  metallic  spindle,  driven  by  hammering  through  its  central  axis. 
The  result  of  this  arrangement  will  evidently  bo  a  series  of  tubular  orifices,  determined 
by  the  interstices  between  the  associated  wires. 
Far  more  usual,  however,  is  it  at  present  to  rely 
on  safety  against  explosion  by  retaining  the  gases 
each  in  its  own  reservoir,  and  mixing  them  in  one 
common  channel  a  little  posterior  to  the  jet    The 

^  ot^ompanying  diagram  illustrates  this  form  of  osa- 

structlon. 

The  oxyhydrogen  flame  is  but  sHghtly  luminous  in 

itself;  but  when  caused  to  play  upon  certain  solid 

n  ^  bodies,  more  especially  Hme,  the    light  evolved  is 

11  stronger  than  almost  any  with  whioh  chemists  sie 

'  r  J^  acquainted.     Cylinders  of  lime  are  usually  employed 

for  this  purpose ;  and  the  combination  evolves  what  is  usually  known  as  the  Drummod 

Light. 

Relation  of  Hydrogen  Gas  to  Sound. — ^All  bodies,  whether  solid,  liquid,  or 
gaseous,  are  capable  of  transmitting  sound ;  but  the  pitch  of  the  sound,  or  its  musical 
tono,  will  depend  upon  the  density  of  the  material  through  which  .it  is  transmittei 
AH  our  common  ideas  of  sound  have  reference  to  atmospheric  air  as  the  conducting 
medium ;  it  is  instructive,  therefore,  to  ascertain  the  properties  of  a  gas  so  light  and 
rare .  as  hydrogen,  when  made  to  assume  the  functions  of  atmospheric  air  in  this 
rospcct. 

Alteration  of  tJte  Human  Voice  by  Hydrogen. — Hydrogen-gas  is  totally  unable  to 
support  the  functions  of  respiration ;  nevertheless,  it  may  be  breathed  once  or  twice 
consecutively  without  damage  to  the  constitution,  or  the  production  of  any  unpleassnt 
symptoms.  If  a  prolonged  expiration  be  made,  so  as  to  expel  as  much  as  possible 
ordinary  air  from  the  lungs,  and  a  full  inspiration  of  hydrogen-gas  be  taken  horn  a 
bag,  bladder,  or  any  other  convenient  form  of  receiver,  the  experimentalist  will  find, 
on  speaking,  that  the  character  of  his  voice  has  totally  changed.  In  conducting  tins 
experiment,  absolutely  pure  hydrogen  is  unnecessary ;  but  the  zinc  employed  in  the 
operation  of  making  it  should  at  any  rate  be  moderately  free  &om  arsenic  and  sulphur. 

1  haVe  performed  the  experiment  sc^-eral  times  with  hydrogen,  prepared  by  means  of 
tlio  ordinary  commercial  zinc,  and  with  no  unplea:iaut  efiect.  IQie  experimentshst 
may  var)'  the  demonstration  by  endeavouring  to  plnv  on  any  wind  musical  instmment, 
or  by  blowing  a  whistle. 
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A  reif  elegant  prooess  for  iUiutratmg  the  acoiistic  properties  of  hydrogen-fas  is 
by  means  of  a  bell.    It  is  as  foIlowB : — 

flospeod  a  reeeiring-glafis,  as  represented  in  the  diagram,  and 
•fill  it  irith  hydrogen  by  the  process  of  di^lacement — that  is 
to  say,  by  liberating  the  gas  vndemeath;  thea  take  a  bell 
attached  to  a  slender  rod  of  metal,  immerse  the  bell  in  the  gas, 
and  strike  irith  a  little  hammer.  The  sound  of  the  bell  will  be 
fauad  to  differ  T«ry  much  from  the  somid  it  naturally  emits 
when  eansed  to  ring  in  atmospheric  air. 

OmuMmMamM  off  Bjrdzogen  iHtli  Oacyg^n. — Hydro- 
gen and  oxygen  unite  in  two  proportions,  forming  Tcspecti^y 
the  pfxftoxuk  (water)  and  the  peroxide  of  hydrogen. 

PBOTOXIDE  OP  HIOBOOEN  (wA.TXR). 

Grains. 
Weight  of  100  cubic  inches  at  62*^  Fah.  =  252*458. 
Ditto  ditto  at  GO"*  Fah.  =:  252*5. 

Atomic  or  equivalent  weight  =  9. 
Atomic  or  equivalent  volume  =  i      i 

It  lias  been  already  stated  (p.  S6)  tiiat  water  is  a  compound  of  oxygen  and 
hydrogen  gases,  in  the  proportion  of  one  volume  of  the  fmner  to  two  of  Hio  latter. 
Henoe  the  combinatkon  admits  of  being  symbolically  indicated  by  the  following 
sehems: — 


H 


H 


=  Water. 


Kow,  inasmuch  as  the  atomic  or  equivalent  volume  of  hydrogen  is  double  the  size  of 
the  atomic  or  equivalent  volume  of  oxygen,  it  follows  that  water  is  a  compound  of  one 
atom  or  equivalent  of  each  of  its  constituents ;  for  a'hich  reason  it  may  be  indicated  by 
the  symbolic  representation  of  HO. 

To  direct  the  reader's  attention  to  the  immense  importance  of  water  in  the  economy 
of  nature,  would  be  a  matter  of  pure  supererogation.  Suffice  it  to  remark,  that  it  is  a 
constituent  of  every  organised  being,  whether  vegetable  or  animal — that  it  enters  into 
the  oomposition  of  numerous  minerals.  About  nine-ten&s  of  our  own  bodies  are 
water;  and  in  certain  forms  of  animal  life — the  Medusae,  for  instance — it  exists  in  a 
much  larger  proportion. 

Although  water  is  so  widely  distributed  throughout  the  world,  it  is  never  found 
pure.  Owing  to  the  properties  of  this  liquid  as  a  solvent,  it  takes  up  by  percolation 
through  the  soil  numerous  advraititious  bodies.  Even  rain  and  snow-water  are  far 
from  pure:  not  only  do  they  contain  adventitious  substances  derived  from  the  solid 
materials  with  which  they  may  have  come  in  contact,  but  they  hold  in  solution 
variable  quantities  of  matters  which  might  be  little  expected,  such  as  nitric  acid, 
ammonia,  and,  if  recent  experiments  are  to  be  trusted,  iodine.  Nor  should  it  be  for- 
gotten that  water,  even  when  puri^ed  fi-om  every  kind  of  solid  matter,  may  hold 
impurities  of  another  kind — gases  or  air.  Certain  gaseous  bodies,  such  as  ammonia 
and  hydrochloric  acid  gas,  are  absorbed  by  water  with  such  en&cgy  that  the  pneumatic 
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trougli  does  not  admit  of  being  employed  for  collecting  them ;  and  there  are  perhaps  no 
gases  whatever  that  cannot  be  absorbed,  to  some  extent,  by  water.  Atmospheric  air  is 
in  this  category.  The  quantity  of  it  capable  of  absorption  by  water  is  very  small ; 
nevertheless,  a  portion  is  thus  absorbed :  and  the  hct  is  most  important  to  be  remem- 
bered, for  without  the  presence  in  question  of  atmospheric  air  the  functions  of  aqueoui 
respiration  could  not  be  performed  by  fishes  and  other  marine  animals. 

Although  water  never  exists  naturally  pure,  the  kinds  of  impurities  are  almost 
infinite,  and  their  proportions  various.  Absolutely  pure  warer,  though  fatal  to  aquatic 
animals,  because  it  is  unable  to  support  their  respiratory  functions,  may  be  ingested  by 
aerial  breathers  without  appreciable  bad  results.  It  is  unpalatable,  however,  and 
perhaps  not  Jvery  conducive  to  health.  Impure  water,  therefore— using  the  term 
impurity  in  its  accepted  chemical  sense — is  best  calculated  to  fulfill  the  intentions  of 
natiire.  But  the  impurities  must  not  exceed  certain  limits,  or  the  water,  ceasing  to  be 
merely  dietetic,  becomes  medicinal.  Supposing  this  excess  of  impurities  to  be  of  a 
mineral  character,  as  is  usually  the  case,  the  designation  **  mineral  water"  is  applied. 

Division  of  Mineral  Waters. — Perhaps  the  most  convenient  division  of  mineral 
waters  is  that  adopted  by  the  late  Dr.  Pereira,  in  his  "  Elements  of  Materia  Medica." 
He  groups  them  into  the  four  classes  of  chalybeate,  ndphureouay  acidulous,  and  saline. 

Chalybeate  waters  are  those  in  which  iron  predominates — for  the  most  part  in  the 
state  of  oxide  held  in  solution  by  carbonic  acid,  though  occasionally  the  acid  present  is 
the  sulphuric.  Sulphureous  or  hepatic  waters  owe  their  peculiarity  to  the  existence  of 
hydrosulphuric  acid  (sulphuretted  hydrogen),  in  a  £ree  state,  or  to  the  presence  of 
various  easily-decomposed  sulphurets.  This  variety  of  mineral  water  may  be  knoim 
by  the  nauseous  odour  evolved — an  odour  similar  to  that  liberated  from  rotten  eggs; 
also  by  their  striking  a  black  colour  with  solutions  of  lead,  silver,  bismuth,  and  various 
other  metals. 

The  acidulous  mineral  waters  owe  their  distinctive  peculiarities  to  the'presence  of 
carbonic  acid,  either  alone,  or  in  combination,  with  bases.  A  small  quantity  of  carbonic 
acid  gas  usually  exists  in  all  natural  waters — seldom  more  than  three  or  four  cubie 
inches  to  the  hundred,  whereas  the  richest  specimens  of  mineral  waters  acidulated  by 
carbonic  acid  have  more  than  200  cubic  inches  to  100  of  water.  According  to  Alibert, 
the  waters  of  St.  Ncctaire  hold  no  less  than  400  cubic  inches  in  100.  Mineral  springs 
of  the  acidulous  class  are  not  unusual  in  Crermany ;  but  that  of  Ilkeston,  near  Notting- 
ham, is  the  only  one  we  have  in  England. 

Saline  mineral  waters  are  very  numerous  and  important ;  their  composition,  too,  is 
subject  to  more  variation  than  waters  of  either  of  the  preceding  classes.  It  would  be 
out  of  place  in  a  volume  on  Chemistry  like  the  present  to  treat  of  the  composition  of 
mineral  waters  more  fully,  or  describe  their  medicinal  virtues. 

Without  containing  a  sufficient  amount  of  adventitious  bodies  to  come  under  the 
denomination  "  mineraV* — water  naturally  existing,  and  commonly  employed,  admits  of 
a  wide  range  of  variation  as  to  the  foreign  constituents  which  it  contains.  As  a 
general  rule,  water  drawn  from  a  well  or  spring,  is  far  more  charged  with  saline  impu- 
rities than  water  taken  from  a  running  stream ;  but,  on  the  other  hand,  it  is  usually 
more  free  from  organic  impurities  than  the  latter ;  hence,  spring  water  is  preferred  as 
a  drink.  When  employed,  however,  for  the  purpose  of  making  vegetable  infusions- 
such  as  tea  or  coflfee,  or  for  washing — any  considerable  amount  of  mineral  bodies  pre- 
sent in  water,  is  most  injurious,  giving  rise  to  the  quality  known  as  "  hardness." 
None  except  those  who  have  tried  the  experiment  can  imagine  the  efficacy  of  pure  or 
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distilled  water  in  extracting  the  virtues  of  tea  and  coffee,  or  the  luxury  of  employing 
it  for  ablation. 

Method  of  Testing  the  JPurity  of  Water, — To  determine  the  exact  percentage  of 
foreign  materials  present  in  any  given  sample  of  water,  or  their  exact  composition, 
involves  a  chemical  analysis;  but  a  very  good  practical  notion  of  the  relative 
amount  may  be  derived  from  the  evidence  of  a  simple  test — a  solution  of  soap  in 
alcohol. 

To  prepare  this  test-liquor,  cut  portions  of  soap  in  small  pieces,  agitate  them  with 
alcohol  until  dissolved,  and  secure  the  solution  in  a  bottle.  If  a  little  of  the  solution 
be  added  to  water  distilled,  or  absolutely  pure,  no  turbidity  will  result ;  nor  will  there 
be  any  perceptible  turbidity,  if,  for  distilled  water,  rain  or  snow  water  be  substituted ; 
but  with  the  greater  number  of  samples  of  spring  water  a  visible  turbidity  will  be 
apparent. 

Pure  or  Distilled  Water — ^The  only  methods  pf  obtaining  water  in  a  state  of  absolute 
purity  are  its  synthetical  preparation,  by  causing  oxygen  and  hydrogen  gases  to  unite, 
<  and  the  distillation  of  ordinary  water ;  the  second  method  is  alone'of  practical  importance. 
I  Persons  much  engaged  in  the  performance  of  chemical  experiments  require  a  copious 
allowance  of  distilled  water,  and  usually  procure  it  by  the  operation  of  a  still  and 
condensing  worm,  the  construction  of  which  I  shall  presently  describe.  Frequently, 
however,  when  the  quantity  of  distilled  water  required  is  no  more  than  a  few  gallons 
per  week,  as  in  laboratories  of  mere  research,  the  necessity  for  a  still  may  be  altogether 
dispensed  with,  and  the  purity  of  the  distilled  water  assured,  by  utilising  the  heat  of 
Argand  gas  flames  employed  for  the  purpose  of  illumination.  The  apparatus  required 
is  of  the  simplest  description ;  it  may  consist  of  a  large  glass  flask,  in  which  the  water 
is  evaporated,  and  a  large  bottle  in  which  it  is  condensed,  the  necessary  connexions 
being  accomplished  by  means  of  glass  tubing  and  india-rubber  unions.  I  have  an 
apparatus  of  the  kind  in  my  laboratory ;  it  is  constantly  at  work,  and  answers  exceed- 
ingly welL    The  accompanying  diagram  is  explanatory  of  its  construction. 

The    large   flask,    F,  Vfi  i  I 

holds  about  a  gallon,  and,    ^  n  [^         ■'^-  ■  ^_|/ 

as  the  diagram  represents,  I  —  ^  Irf-         -V      ^ 

is  supported  by  a  ring,  E, 
attached  to  the  wall.  The 
gas  flame  is  that  of  an 
ordinary  Argand  burner. 
C  G  G  are  connecting 
pieces,  made  by  cutting 
off  small  lengths  of  vul- 
canized caoutchouc  tub- 
ing, and  joining  the  pieces 
of  glass  tubing,  G  G  G  G, 
together.  The  seemingly 
horizontal  portions  of  the  glass  tube  are  suspended  at  a  convenient  distance  from  the 
eeiling  by  lengths  of  string,  represented  in  the  diagram,  but  not  indicated  by  lettering ; 
in  reality,  the  portion  in  question  proceeds  with  a  slight  fall  in  the  direction  of  the 
arrows,  for  the  obvious  reason  of  determining  a  flow  of  condensed  water  in  the  required 
channeL  Eveiy  portion  of  the  glass  tube  is  of  the  kind  known  as  quilled  glass,  not 
mnch  larger  in  diameter  than  the  stem  of  a  day  tobacco-pipe.    The  receiver  is  made 
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of  a  largo  druggist's  show  bottle,  around  tho  nedc  of  which  some  folds  of  strong 
brown  paper  have  been  pasted,  for  the  purpose  of  imparting  roughness  of  snrfiMe,  and 
giving  firm  hold  to  a  sheet  of  india-rubber,  which  has  been  tied  down  over  the  mouth 
of  tho  bottle  liko  tho  parchment  head  of  a  drum.  Through  the  india-rubber  dnun-bead 
thrco  small  holes  have  been  pierced  in  such  manner  as  to  enable  the  three  g^as  tabes 
represented  in  the  diagram  to  bo  passed  through,  air  and  steam-tig^t.  The  vertical 
glass  tube,  V,  rising  about  six  inches  above  the  india-rubber  drum-head,  and  p^gyrag 
almost  to  tho  bottom  of  the  receiver,  is  for  the  purpose  of  egnaliging  the  pressoie  of 
steam,  by  virtue  of  ordinary  hydrostatic  principles.  It  remains  now  to  be  explained 
that  tho  quasi-horisontal  portion  of  the  tubular  arrangement  htm  been  much  shortened 
in  tho  diagram  for  the  sake  of  convenience.  In  my  apparatus  it  is  ten  feet  long,  and 
might  be  extended  stiU  further  with  some  little  advantage,  inaamueh  as  the  object 
desired  is  to  cool  the  aqueous  vapour  by  mere  atmospheric  influences,  no  artifidal 
cooling  agent  being  enjoyed.  As  regards^  the  method  of  getting  water  out  of  this 
doaed  receiver  when  required  it  is  as  follows : — A  syphon  of  glass  tube  being  joined  by 
an  india-rubber  connecter  to  a  vertical  piece  also  of  glass  tube,  the  latter  is  retained 
m  «i/w  by  means  of  the  wire  hook  A,  and  so  long  as  thus  retained  it  is  evident  that  no 
water  will  flow ;  but  if  the  vertical  piece  be  lowered  in  the  direction  of  the  dotted  lines 
terminating  at  G%  and  suction  be  applied  by  the  lips,  a  euixent  of  water  wiU  ensae. 
When  the  operator  is  desirous  of  causing  the  flow  to  cease  he  has  only  to  lift  up  the 
delivery  tube  to  it^  onginal  positioii,  securing  it  by  the  wire  hook  JL  This  hook,  it 
must  be  ronaiked,  is  represented  as  totally  separated  from  the  apparatus,  to  avoid 
oonfiisi<m  in  the  delineation.  A  considciation  of  ordinary  hydrostatic  laws  wiU  demon- 
tiate  that  one  aspiration  will  serre  for  an  indefinite  period,  and  that  water  can  be 
caused  to  flow  at  any  period  subsequent  to  the  first  operation  by  merdy  lowering  the 
ddivcry  tube  to  the  direction  of  G.  By  the  abore-asentioned  anangenwDt  it  Icdlowa 
that  the  distilled  water  contained  in  the  leceiviBg  bottle  being  iudated  from  eontaet 
with  the  external  air  is  always  retained  in  a  state  of  purity.  Were  it  not  for  the 
pioteotion  of  the  caoutchouc  drum-head,  carbonic  and  sulphurousacidB,  resulting  from  the 
cvimbustion  of  Cvxd  gats,  also  various  mechanical  impurities,  would  be  absoibed,  thos 
nL'^ndcring  the  water  impure'.  Whether  tho  preceding  or  any  other  ibnn  c£  distillatoiy 
apparatus  W  ompIv»ycd.  neither  the  first  nor  the  last  portions  of  steam  resulting  from 
any  one  chirps  of  water  should  W  collected :  the  former  are  liaUe  to  bold  certain 
cis«ous  K>dios  in  solutiv-n.  the  laner  empyrv^umatic  mattEis. 

TV  Sr«*L — Tho  theory  of  distillation  is  exceeding  simple.  It  may  be  defined  the 
o>:rfttkin  of  radsinc  xoliule  substances  in  the  condition  of  Ti^unr,  and  condenang  the 
va^.xir  by  appliojition  of  o.lvL  In  its  Bost  restricted  s«ciise,  Ae  texm  '^  diaiill^tim" 
applies tv> I;^u:d>  only:  ih.^  u^rzi  **tmUimmimm^  httas  pT\cn  to  the  TolatilixatiQn of 
sk^lli^  a£.I  the  suNstcv^uf  n;  condensadann  af  tbev  Tsyonr  into  the  solid  form  once  more. 
Iv>;h  (ondiuonss  howif nrr.  a:r>?  frvx^uoitity  sfokfen  of  as  ^  iittrlittim  r  and,  indeed,  the 
tna  is  <Trn  exvniod  to  tie  cvc^rdon  of  gases  fim  STiSs£aac«s  capabfe  of  yidiing 
:iie~.  tl,^^y:h  no  5u^>^:iet:t  oencensati.^  takes  p2w«.  On  tlie  lai^ge  scale,  the  process 
of  «^Uuaauja  is  always  <cv^ai:^*tt£^i  ^  aaeana  af  a  sdH  aad  wocaa-tnh,  die  fooser 
d^»fIa;i^^  vafiMr*  Ufec  hsier  ccrvVaiTay  ix.  TW  MBstnacdon  of  stiSs  is  Tery  diieni- 
^<^  K^t  th«  i^iil  in  its  si3ap*»t  form  is  as  fo£^ws : — 

A  i&  a  wssifl.  msnaXhr  iif  tinxrtd  <«?fr<^>  into  whadL  i^ai  lanmiVd  to  he  ^ytffl*^  ii 
|»M&r.>i  i&uKVi^  ib«  a|«eEUKV  X«  ^te  latter  bvi^  closed  iariz^tlK  if  urtiea  by  a  screw. 
E  is  t^  WU  or  oa;a«Ll  of  tibd  «uL  T«oiii|c«2ihr  annciked  w  ^e  My  bj  one  of  maoy 
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contrlTEuu^g  ;  Buchf  for  iiusCanoCf  vm  binding  sc^rcws^  u  ground  joint,  or  bj  the  inter- 

poaition  of  a  paste  ot 

lute*     G  U  the  beak  or 

apout  of  the  Etil\  term!- 

nating  at  tbe  point  «f,  by 

wMch  it  is  connected  to 

tbe  worm  or  co(nden£mg 

part  of  tbe  appsratu^. 

TfaiJi  worm  is  ft  spiral 

tnbe  of  metolf  imtaerm^d 

m  a  tub  of  eoM  water, 

and  terminatiiig  at  the 

stopcock  a.   The  function 

of  this  worm  ig  obtiona  : 

by  contact  witb  the  eold 

water  c<snt*ined  in  tko 

tab,  its  Iieat,  and  consc- 

qiientlj  tho  heat  of  the 

iteam  wMch  pervfldcs  it, 

ii  rapidly  abaorb^  and  tlma  coTidensatlon  of  tlio  Taponr  ib  nccompliahcd,  which, 

tMuming  the  liquid  condition,  finally  runs  off  throtigh  the  Atopoock  s. 

It  13  cridont  that  the  perfection  of  the  cooling  in^rument  described  nboTe  will  be 
pnsportionttte  with  the  amount  of  cold  that  can  be  applied  by  means  of  the  water  in 
ih.e  tub ;  hence  it  fellows  that  the  more  rapidly  the  water  is  changed,  the  better  is  tiio 
JwulL  MoreoTcr,  inasmnch  as  hot  water  ia  specifically  lighter  than  cold  water,  it 
fidlows  that  th&  contents  ef  the  worm-tnb  slioald  be  drawn  o^  as  near  to  its  iur&oe  as 
pHdble,  and  ahould  he  replenished  below. 

The  form  of  diatHlatory  apparatua  knewn  as  the  still  and  worm  m  very  littlo 
emplojod  in  cheinical  labora tones  of  re^e&i'Dh,  except  for  the  purpose  of  dJstilling 
water ;  it  almost  exdwrely  b^long^  to  the  d^artment  of  tuannfacturing  ehennatry. 
On  the  amall  scale  the  operation  of  distillation  is  usually  eoudtieted  by  means  of  flasks 
and  retorts  attached  to  ioxne  kidd  of  condcnsatery  appaxatua.  The  variouia  necessities 
ioTolved  in  the  course  of  distillatory  operations  require  numerous  Idnds  of  apparatus 
for  cfiGectln^  condensation.  Per  general  purpos&e,  howorer,  the  condenser  known  as 
LieMg**  is  unqueTtiouahly  the  beat^  and  therefore  merita  a  speeii^  deicription.  It  is 
confltructed  as  follows  : — 

Protmre  a  tube  of  brass,  copper,  or  tinplate,  of  about  two  and  a-half  inches  diametc^r, 
and  not  less  than  two  feet  lon^.  Ooclndo  either  end  of  the  metdlic  tube  with  an 
accurately-fittuig  bung,  rendering  the  jnncture  between  the  cork  and  the  metal  water- 
tight by  Bome  appropriate  lute. 
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To  this  end  there  ia  notbini^ 
better  than  ft  atiff  paste  of  white 
lead  ground  in  oil,  but,  as  it  is 
rather  long  in  drying,  n  lining 
of  sealing-wax  may  be  aubHti' 
tuted  for  that  end  of  tibe  tube 

which  will  be  farthest  rcmoTcd  from  the  retort,  flaek,  or  other  distillatory  tcshbI,  Mid 

wMeh  will  therefero  be  the  cooler  of  the  two. 
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The  next  step  in  the  manufacture  of  Liebig's  apparatus  conaists  in  boxing  two 
lateral  holes  in  the  metal  tube,  one  near  either  extremity.  Into  each  of  these  holes 
solder  a  piece  of  gas-pipe  about  eight  inches  long ;  bend  one  of  these  pieces  into  the 
form  of  a  syphon,  and  solder  to  the  extremity  of  the  other  a  small  tin-plate  fimnel.    It 

now  only  remains  to 
perforate  both  cods, 
and  to  thnut  aecuxely 
throng^  tha  peloa- 
tions  a  length  of  |^ 
tube,  Kmiewliat  tonal 
shaped  at  one  ejUivm- 
ity,  and  the  apparatus 
is  complete.  The  func- 
tions of  this  elegant 
condenser  will  be  rea- 
dily understood  by  re- 
ferring to  the  annexed 
diagram,  which  shows  it  moimtcd  in  connection  with  a  distillatory  retort  and  a  receiving 
vessel. 

Every  theoretical  condition  for  obtaining  the  maximum  cooling  effect  of  water  is 
hero  applied  by  the  most  simple  means.  Inasmuch  as  the  most  elevated  extremity  of 
the  metallic  tube  contains  the  hottest  water,  the  final  departure  of  that  liquid  should 
take  place  from  the  point  in  question.  It  does  so,  as  the  student  will  perceive,  througli 
the  syphon-liko  termination ;  and  a  continuous  stream  of  cold  water  is  supplied  at  the 
lower  extremity  of  the  apparatus  through  the  little  tin-plate  funnel. 

Tempezatuze  at  which  Watez  assumes  its  MasLimum  Bensity.— 
If  water  at  some  elevated  temperature,  say  210,  be  poured  into  a  bulbed  glass  tube 
with  long  stem,  and  the  apparatus  gradually  cooled  down  to  the  freezing  point,  32*'  F., 
a  peculiar  phenomenon  in  relation  to  volume  will  bo  observed.  In  proportion  as  the 
cooling  agency  progresses  the  liquid  column  will  be  seen  to  descend, 
owing  to  the  general  contraction  of  the  water  operated  upon.  At 
length,  however,  at  about  40°  Fah.,  notwithstanding  the  continued 
agency  of  the  cooling  process,  the  descent  of  the  column  ceases, 
remaining  for  a  moment  stationary,  and  then  once  more  rising, 
until  the  water  has  been  cooled  to  32°  F.  (the  freezing  point). 
This  is  a  remarkable  effect,  and  it  is  practically  of  great  importance 
in  the  operations  of  nature.  If  water,  liko  other  bodies,  acquired 
its  maximum  density  at  the  point  of  solidification,  ice  would  no 
sooner  be  generated  than,  sinking  to  the  bottom  of  the  generating 
water,  it  would  there  accumulate,  and  be  removed  so  far  from  the 
influence  of  the  sun's  rays  that  it  would  never  melt.  The  conse- 
quences of  this  result  would  be  incompatible  with  the  existence 
of  aquatic  life,  and  would,  moreover,  be  highly  injurious  to  terres- 
trial animals. 

The  expansive  force  of  water,  frt)m  its  point  of  TriftTimnTn  condensation  to  freezing, 
is  enormous.  Its  exact  amount  has  never  been  ascertained;  but  the  most  violent 
mechanical  effects  have  been  produced  by  its  agency. 

Ctystallized  Water  {lee). — ^Water,  in  becoming  solid  by  the  agency  of  cold,  nsuaDy 
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assumes  the  condition  of  an  amorphous  mass,  in  which  the  figures  of  no  definite  system 
of  crystallization  admit  of  being  traced.  Nevertheless,  snow-flakes  produced  under 
certain  atmospheric  conditions — more  especially  those  flakes  which  occur  mixed  with 

fluid  water,  and  are  usually  denominated 
sleet — disclose  regular  crystallographic 
axes,  belonging  to  the  rhombohedral 
system.  The  subjoined  diagram  repre- 
sents a  few  of  these  crystallographic 
forms.  They  are  seen  to  be  elementary 
regular  six-sided  prisms  of  six  faces, 
grouped  in  stelliform  arrangement  around 
a  centre,  in  such  manner  as  to  form 
angles  of  60"  and  120^  These,  as  crystal- 
lographers  are  well  aware,  characterize  the  rhombohedral  system. 

Binoxide  or  Peroxide  of  Hydrogen,  HO^.— ^Unlike  water,  which  is  one  of  the  most 
common  natural  productions,  the  binoxide  of  hydrogen  only  admits  of  being  prepared 
artificially  in  small  quantities.  It  was  discovered,  in  1818,  by  M.  Thenard,  whose 
process  of  manufacturing  it  has  never  been  improved  upon. 

The  theory  of  its  production  is  simple,  although  the  operation,  when  practically 
carried  out,  involves  many  difficulties.  We  have  already  seen,  when  describing  the 
production  of  oxygen,  that  the  peroxide  of  manganese  readily  abandons  a  portion  of  its 
oxygen  under  suitable  treatment.  Many  peroxides  are  endowed  with  a  similar  pro- 
perty ;  but  if  the  peroxides  of  barium,  or  strontium,  or  potassium,  be  decomposed  in 
contact  with  water,  the  liberated  oxygen  does  not  make  its  escape ;  it  combines  with 
water,  and  gives  rise  to  the  peroxide  of  hydrogen.  The  peroxide  of  barium  was 
originally  employed  for  this  purpose  by  M.  Thenard ;  and  it  is,  in  all  respects,  the 
most  convenient. 

Process  of  Manufacture. — Saturate  some  peroxide  of  barium  with  water  in  a  mortar 
until  a  somewhat  liquid  paste  results.  Add  to  the  latter,  by  small  portions  at  a  time, 
a  mixture  of  one  part  of  ordinary  hydrochloric  acid  and  three  parts  water,  stirring  the 
mixture  assiduously  with  a  glass  rod.  The  peroxide  of  barium  is  decomposed,  and 
chloride  of  barium  results,  but  no  gas  escapes.  The  appended  diagrammatic  scheme 
illustrates  the  nature  of  the  change  ensuing : — 

Oxygen  7  Binoxide  or  Peroxide 

Protoxide  of  (  Barium  .  .  \  /of  Hydrogen. 


Peroxide  of 
Barium 


barium 
I  (Baryta) 


Hydrochloric  (Hydrogen- 
acid.        (Chlorine 


Chloride  of  Barium. 


Or,  adopting  chemical  formuloB,  the  decomposition  is  expressed  as  follows  :— 
Ba03  +  HCl  =  BaCl  +  H0». 
As  soon  as  a  sufficient  amount  of  hydrochloric  acid  has  been  added  to  saturate  the 
baryta,  small  successive  portions  of  sulphuric  acid  are  poured  in,  by  which  treatment 
sulphate  of  baryta  is  formed  and  precipitated,  leaving  the  supernatant  liquor  a  mixture 
of  hydrochloric  acid  and  peroxide  of  hydrogen,  as  represented  by  the  following  diagram 
and  formulse. 
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Chloride  of  (  Chlonne  yllrdxocblonc  add. 

Baiiam       (Baritim 


Water       ^9jy,^ 
Sulphuric  acid! 


T>  Baryta 
Hyc&ogen ^ 


BaCl  +  HO  +  SO'  =Bia.80»  -|-  HGL 


Sulphuric  add  is  now  cautiously  added,  can  bong  tekoi  Md  tD  wapitf  it  Iai 

Sulphate  of  haryta  is  separatod  by  filtration  tibvooi^  doA,  tad  •  htpuK  k  9A 
obtained  strongly  impregnated  witli  peroxide  of  hydrqgm.  ThSm  Hfoor  ii  tD  be 
with  more  peroxide  of  barium,  and  the  operaftioBa  abeidy  deaoribcd  lupaetrfi  wdSL  i 
fluid  strong  in  peroxide  of  hydrogen  remains.  Sulphate  of  silver  now  being  poured  in, 
chloride  of  silver  deposits,  and  sulphuric  acid  ro-dissolvcs  in  the  liquor. 

Hydrochloric  (  Chlorino x. 

add         ( Hydrogen-v^  ^s^ 

^Water  7>  Chloride  of  Savcr. 

Sulpha^of  (O^Wn    ^  X 

(  Sulphuric  acid. Sulphuric  acid. 

AgO.SO'  +  HCl  =  AgCl  +  S0=»  +  HO. 
Finally  the  sulphuric  add  is  precipitated  by  a  solution  of  baryta,  added  by  suc- 
cessive small  portions  in  such  manner  that  no  more  than  the  exact  amount  required  for 
decomposition  may  be  poured  in.  The  liquid  is  once  more  filtered,  and  evaporated 
under  the  receiver  of  an  air-pump  containing  a  dish  of  sulphuric  acid.  By  theie 
complicated  operations  the  peroxide  of  hydrogen  may  be  obtained  quite  pure,  and  in  a 
high  state  of  concentration.  | 

One  essential  condition  necessary  to  the  success  of  the  whole  process  has  now  to  l)e  | 
indicated.    The  solution  during  the  course  of  treatment  must  be  immersed  in  ice, 
otherwise  the  decomposition  of  the  peroxide  of  barium  develops  so  much  heat  that  the 
peroxide  of  hydrogen  is  not  formed. 

Properties, — The  peroxide  of  barium  reduced  to  its  highest  degree  of  concentratioa 
is  a  colourless  liquid  of  syrupy  consistence,  endowed  with  a  peculiar  and  characteristic 
odour.  Its  specific  gravity  is  1*453,  and  no  degree  of  cold  has  hitherto  sufiS.ced  for  its 
congelation.  It  is  liable  to  be  decomposed  by  slight  causes,  especially  when  pure. 
The  presence  of  a  little  add  renders  it  more  stable. 

[7*^.— Peroxide  of  hydrogen  has  not  hitherto  been  applied  to  any  useful  application ; 
but  if  some  easy  process  of  manufacturing  it  could  be  devised,  there  is  reason  to  believe 
it  would  be  valuable  in  this  respect.  Its  employment  has  been  suggested  for  restoration 
of  the  whites  of  oil-paintings,  which  it  accomplishes  at  once,  converting  the  blackened 
carbonate  of  lead,  or  rather  sulphide  of  that  metal,  into  the  white  sulphate. 

NITROGEN,    OR  AZOTE. 

Equivalent,  or  atomic  weight  .  .  .14  "* 

Specific  gravity         .....     0*9713 
AVeight  of  100  cubic  inches  .  .  .    29*73  grains  (Davy). 

Derivation  of  Term. — ^The  expression  nitrogen  (the  nitre-former)  was  given  \x)  the 
element  under  consideration,  because  of  its  being  a  constituent  of  nitrate  of  potash 
(common  nitre),  wliich  is  the  crystalline  result  of  the  union  of  nitric  acid  (aquafortis) 
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with  potash.  Tlio  term  axote  is  deriyed  from  a  cdthblHatioii  of  the  Greek  priyatlf  c 
o,  with  the  word  .|a^  W/»,  thus  indicating  a  Ifeading  charact«l4Stic  of  the  element— its 
inability  to  support  the  ftinctioii  of  respii-atioti. 

JBTaftwyi— Dr.  Rutherford,  of  Edinburgh,  was  the  first  who  a^JJ^ars  td  hate  dis- 
covered mtrogen  gas  as  individualised  from  many  other  ga^eott^  hodids  to  which  the 
goaeiaL  term,  mephitio  air,  had  previously  been  applied.  This  ocCu)H^t;d  ih  the  year  1773. 
Sobseqnently  Lavoider,  by  a  beautifully-devised  experiment^  Separated  it  from  the 
ataioflphsrey  of  which  he  proved  it  to  be  d  universal  constitueht.  Scheele,  without 
previous  acquaintance  with  the  experiment  of  Lavoisier,  effbcti^  the  Same  dcmon- 
strtUioii  shortly  afterwards,  and  thus  secuifed  to  himself  the  merit  of  ah  original  discoverer. 

iSyfft>itym«t.-^In  French  the  element  under  consideration  is  known  as  niirogene^  or 
I  iteatB ;  in  Geirmoft,  atickstof. 

Form  under  which  Nitropm  exists. — Xitrogen  has  hitherto  beon  produced  only  under 
one  form  of  material  t^gregation— namely,  as  a  gas. 

Preparation  of  Nitrogen  Gas. — If  a  common  taper,  or  piece  of  wood,  charcoal,  or 
indeed  any  other  combustible  body,  be  burned  in  atmospheric  air,  the  results  of  combus- 
tioni^parated,  and  the  remaining  gas  collected,  it  will  be  found  unable  to  support  com- 
budti€ni  a  second  time.  This  is  owing  to  the  io90Tpii6ii.  of  oxygpn  by  the  combustible. 
Theoretically,  therefore^  nitrogen  should  be  procurante  trjr  huriling  awftjr  fhe  percentage 
of  orygen  existing  in  the  atmosphere.  Practically  ftfrfl  is  ihe  kind  of  operation  fol- 
lowed; but  not  every  combustible  will  suffice.  One  is  re^itlM  that  has  a  powerful 
affinity  for  oxygen ;  and  which  is,  therefore,  capable  of  reittdfkkg  etety  trace  of  that 
eiemeni    Phosphorus  is  the  erdbstanco  generally  employed  fbf  lllAi  pitftifbS!&.- 

Froei38  l.i*-Over  the  shelf  of  a  pneumatic  trough,  containing  a  proper  amount  of 
Wttef,  float  a  little  dish  of  porcelain,  or  metal,  containing  a  piece  of  phoisphorus. 
Ignite  the  phosphorus  by  contact  with  a  hot  wire,  then  cover  it  with  a  glass  bell- 
shi^ed  deflagfraUng  jar.  Violent  combustion  will  ensue,  and  the  beH-jar  -Ml  be 
speedily  filled  with  vapours  of  phosphoric  acid ;  the  latter,  however,  is  soluble  in  water, 
and,  tberelbrej  ultimately  disappears  if  the  jar  be  allowed  to  stand  for  a  sujEfecient 
time  over  water.  Its  removal  may  be  efifeeted  still  moi*e  rapidly,  however,  by  trans- 
Isrrkig  the  eontente  of  the  bell-jar  to  another  vessel  under  Tt'ater,  And  repeating  the 
tranafarenoe  until  absorption  of  the  phosphoric  tdd  has  been  complete,  which  may  be 
known  By  the  traneparency  of*  the  inclosed  gas,  which  is  nifrOgen  ahnost  pure.  If 
re^^uirsd  to  Bo  qttite  pure,  and  to  be  made  by  the  operation  jutH  described,  the  small 
amount  of  oarbonie  acid  always  present  in  atmospheric  aii*  mitst  Be'  separated,  by  means 
of  prolonged  contact  with  fused  potash,  before  the  removal  of  atmospheric  oxygen  by 
means  of  phosphorus  is  proceeded  with. 

Process  2. — Red-hot  copper  qpeedily  removes  oxygen  from  atmospheric  air,  and, 
therefore,  sets  nitrogen  free.  Taking  advantage  of  this  fact,  a  ready  means  of. pro- 
ducing nitrc^en  is  suggested.  The  necessary  disposition  of  apparatus  will  be  as 
follewS : — Fill  a  tube  made  of  hard  glass  with  copper  turnings  or  shavings ;  heat  the 
tube  lo  redness  in  a  furnace  or  over  a  few  pieces  of  burning  charcoal,  and  transmit 
tbcre^h  it  a  graduated  stream  of  atmospheric  air.  Decomposition  rapidfy  ensues :  and 
I  if  fhe  copper  turnings  be  suMcient  in  quantity,  and  the  current  of  atmospheric  air 
'  sufficiently  slow,  nitrogen,  unmixed  with  any  oxygen,  will  be  evolved,  though,  of 
'  course,  slightly  contaminated  with  the  small  portions  of  carbonic  acid  invariably 
j  present  in  atmospheric  air.  If  the  air,  before  being  subjected  to  the  agency  of  red-hot 
j  copper,  be  made  to  permeate  a  tube  containing  caustic  potash,  all  the  carbonic  acid  will 
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be  removed ;  and  a  second  tube  filled  with  pumice-stone,  moistened  with  oil  of  Yitriol, 
will  also  effect  the  separation  of  every  trace  of  atmospheric  moisture. 

Ftocess  3. — Nitrogen  admits  of  being  liberated  in  a  condition  of  great  purity  by 
decomposing  ammonia  by  chlorine.  Ammonia  is  a  compound  of  hydrogen  and  nitrogen, 
in  the  atomic  proportions  of  three  of  the  former  to  one  of  the  latter.  One  part  of  the 
ammonia  suffers  decomposition  in  the  preceding  operation ;  chlorine,  by  uniting  with 
hydrogen,  forms  hydrochloric  acid,  which  latter,  uniting  with  some  ammonia  still 
remaining  undecomposed,  generates  hydrochlorate  of  ammonia,  whilst  nitrogen,  thus 
isolated,  makes  its  escape. 

The  apparatus  necessary  for  accomplishing  this  decomposition  is  represented  under- 
neath.   The  glass  flask  A  contains 
\j^  some  flnely-powdered  peroxide  of 

manganese,  upon  which  a  portion 

of  hydrochloric  acid    is    poured 

through  the  bent  tubular  apparatus 

b.     Heat  being  applied,  chlorine 

is  eyolyed;  and  passing  into  the 

ammoniacal  .solution  contained  in 

the  Woulfes  bottle  e,  the  play  of 

==?  decomposition  just  indicated  takes 

place.    Gaseous  bubbles,  perfectly 

devoid  of  colour,  are  evolved ;  and 

passing  into  the  receiving-jar  d^  aie 

there  collected.  The  gas  is  nitrogen. 

This  process  may  be  productive  of  great  danger  in  negligent  hands,  owing  to  the 

formation  of  the  chloride  of  nitrogen,  liie  most  violently-explosive  substance,  without 

exception,  known  to  chemists.    So  long,  however,  as  the  Woulfes  bottle  contains  a 

well-marked  excess  of  ammoniacal  solution  no  danger  can  arise  from  this  source. 

Froperties. — ^Nitrogen  gas  is  characterised  by  its  strictly  negative  properties.  It  is 
neither  acid  nor  alkaline.  It  is  not  combustible,  nor  does  it  support  combustion.  It 
does  not  yield  a  precipitate  with  any  chemical  agent.  It  has  neither  taste  nor  smelL 
The  incapacity  of  nitrogen  to  support  the  respiratory  function  has  already  been  adverted 
to ;  nevertheless,  it  cannot  be  actively  injurious  to  animal  life,  seeing  that  it  consti- 
tutes four-fifths  of  atmospheric  air.  Nitrogen  gas  is  capable  of  solution  in  water  to  a 
very  sHght  extent,  a  thousand  volumes  of  water  absorbing  about  twenty-five. 

THB  ATMOSPHERE. 

Weight  of  100  cubic  inches 31  grains  (Prout  and  Dalton).* 

Specific  gravity 1  (or  unity). 

Atmospheric  air  is  regarded  by  chemists  as  a  mixture — not  a  chemical  combination 
— of  oxygen  and  nitrogen  gases,  in  the  proportion  by  volume  of  one  to  four,  or  at  least 
very  nearly,  together  with  variable  amounts  of  aqueous  and  other  vapours,  and  a  small 
quantity  of  carbonic  acid.  In  addition  to  the  preceding,  which  may  be  termed  nonnal 
atmospheric  constituents,  there  •  are  always  present  certain  gaseous  and  vaporouB 
results  of  animal  and  vegetable  decompositions. 

Lavoisier,  as  I  have  already  stated,  was  the  first  who  determined  the  atmospheric 
composition.    His  process  of  determination  consisted  in  heating  mercury  confined  in  8 

•  See  pages  166, 169. 


COMPOSITION  OF  ATMOSPHEKIC  AIR. 


309 


limited  yoluine  of  air  for  many  days  in  succession ;  by  which  means  the  quicksilyer, 
to  use  the  expression  of  that  day,  was  calcined  (brought  to  the  condition  of  red  oxide 
of  mercury).  Lavoisier  noticed  that  the  volume  of  atmospheric  air  exposed  to  this 
operation  became  decreased  in  bulk,  evidently  from  the  absorption  of  something,  and 
that  the  remaining  gas  no  longer  supported  combustion  or  animal  life.  It  was  nitrogen. 
He  then  collected  the  red  oxide  of  mercury,  exposed  it  to  heat  in  a  glass  tube,  by 
which  treatment  oxygen  was  evolved  j  and  he  demonstrated  the  leading  qualities  of 
oxygen  now  so  familiar  to  chemists,  and  which,  under  the  head  of  oxygen,  have 
already  been  detailed.  He  finally  mixed  the  remaining  nitrogen  and  the  evolved 
oxygen  together,  and  reproduced  a  gaseous  mixture,  corresponding  in  every  respect  with 
atmospheric  air — ^which  indeed  it  was. 

Determination  of  the  Composition  of  Atmospheric  Air. — The  analysis  of  atmospheric 
air  involves  two  kinds  of  processes  ;  one  for  determining  the  amount  of  aqueous  vapour 
and  carbonic  acid  present,  the  other  for  indicating^  the  percentage  amount  of  oxygen 
and  nitrogen  gases.  Carbonic  acid  is  usually  removed  by  means  of  caustic  solution  of 
potash,  through  which  the  air  is  caused  to  pass  in  small  bubbles.  Aqueous  vapour 
may  be  removed  by  causing  the  air  to  permeate  fragments  of  chloride  of  calcium  iii  a 
tabe,  or  fragments  of  pumice-stone  thoroughly  moistened  with  sulphuric  acid. 

The  most  convenient  instrument  for  effecting  the  removal  of  carbonic  acid 
from  gaseous  mixtures,  wherewith  it  may  coexist,  was  devised  by  Idebig,  and  is 
represented  in  the  annexed  cut.  It  consists  of  a  glass  tube 
bent  into  the  form  of  a  triangle,  subsequently  to  the  formation 
in  its  length  of  a  series  of  bulbs.  Solution  of  potash  being 
introduced  by  aspiration  into  the  three  horizontal  bulbs  imtil 
they  are  almost  filled,  and  partially  into  the  others,  the  apparatus 
is  ready  for  use.  It  will  be  evident  that  by  establishing  a  con- 
nection between  the  extremity  g  and  any  other  tube  liberating 
gas,  the  latter  will  be  caused  to  bubble  through  the  potash 
solution  under  the  restraint  of  some  slight  pressure,  this 
being  the  condition  most  favourable  to  absorption  of  carbonic  acid.  It  will  also  be 
evident,  on  consideration,  that  the  amount,  whether  of  atmospheric  vapour  or  of 
carbonic  acid,  contained  in  a  given  volume  of  atmospheric  air,  may  be  readily  deter-> 
mined  by  weighing  the  chloride  of  calcium  tube  and  potash  bulbs  respectively. 

Determination  of  the  Relative  Amount  of  Oxygen  and  Nitrogen  present,  1.  By  the 
combustion  of  Phosphorus. — The  process  of  liberating  nitrogen  by  the  combustion  of 
phosphorus  in  atmospheric  air  effects  t  he  analysis 
of  that  air ;  but  there  are  certain  difficulties  in 
practice  which  militate  against  a  correct  result. 
A  more  correct  method  of  proceeding  is  the  fol- 
lowing. 

2.  Dy  the  Prolonged  Contact  of  Phosphorus. — ^A 
simple  arrangement  for  conducting  this  operation 
is  the  following : — ^Take  a  small  tube  retort,  drop  into  it  a  piece  of 
phosphorus,  and  insert  the  mouth  of  the  retort  in  a  glass  of  mercury. 
Dispositions  having  thus  been  made,  gradual  absorption  of  the  oxygen 
will  ensue,  and  the  amount  or  volume  of  nitrogen  remaining  may  be 
transferred  to  a  graduated  glass  tube,  and  estimated  with  facility.  A  still 
more  correct  plan  of  obtaining  a  similar  result  consists  in  casting  a  small  ball  of  phos- 
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pborus,  with  the  end  of  a  platinum  wire  in  its  substance,  and  eleyating  the  hall  into  a 
tubo  containing  atmospheric  air  over  a  furfaco  of  mercury,  as  represented  in  the  pre- 
ceding diagram.  The  operation  of  casting  the  ball  of  phosphorus  must  necessoiily  be 
performed  under  the  surface  of  hot  water. 

3.  JBy  a  Solution  of  SulpJiate  of  Iron  satwrattd  wiih  Binoxiok  of  i^tjCrofM.-^-This 
solution  rapidly  absorbs  the  oxygen  of  atmospheric  air,  and  liberates  nitrogen,  thus 
effecting  the  analysis ;  but  the  process  is  not  frequently  adopted  in  practice. 

4.  By  passing  a»  Mectric  Spark  through  a  mixture  of  Atmospheric  Air  andSytbrogm. 
...This  process  involves  the  employment  of  the  eudiometer,  on  instrument  the  vaiioiis 
forms  of  which  have  already  been  explained  at  page  231.  The  theory  of  this  process 
is  very  easy,  nor  is  its  execution  difficult.  The  result  of  detonating  a  mixtuie  of 
atmospheric  air  and  hydrogen  by  the  electric  spark,  is  the  fon)»ation  of  a  poxtiexL  of 
water,  the  original  bulk  of  gaseous  mixture  being  proportionately  deoreaaed.  The 
decrease  of  gaseo\is  bulk  can  be  readily  seen  by  inspection ;  and  from  a  conaideration 
of  its  amount  the  bulk  of  oxygen  originally  present  in  the  mixture  under  treatment  is 
at  once  determined,  one-third  of  the  diminution  being  equivalent  to  the  original  bulk 
of  oxygen.  The  rationale  of  this  will  bo  evident  when  we  consider  that  two  voluqieB 
of  hydrogen  unite  with  one  volume  of  oxygen  to  form  water,  and  that  to  the  productioa 
of  water  alone  is  the  diminution  referable. 

5.  By  immersing  a  spongy  Flatinum  Ball  in  a  mixture  of  Atmosgfherio  Air  and 
Hydrogen, — Directions  for  operating  with  spongy  platinum,  as  a  substitute  for  «n 
electric  spark,  have  been  already  given  at  page  294. 

The  results  of  innumerable  analyses  havo  proved  that  atmospheric  air  ia  a  BiixtoM 
of  oxygen  and  nitrogen  gases  in  the  following  proportions  :-<« 

COMPOSITION  OP  THE  ATMOSPHERE. 
By  Measiue.  By  Wcj^jht. 


Oxygen  ,         .      20-90 

Nitrogen  .        .      79*10 

100-00 


Oxygen  .        .      23-ia 

Nitrogen  .        .      76 -QO 

100-00 


It  win  be  seen  that  the  proportions  gives  are  very  nearly  in  the  ratia  of  Imdt 
of  nitrogen  to  one  of  oxygen ;  or--. 
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and,  indeed,  the  opinion  is  entertained  by  many  persons  that  any  disorepai^oj  from  this 
exaqt  ratio,  as  evidenced  by  analyses,  is  solely  referable  to  errors  of  manipulatioii. 
Other  chemists,  on  the  contrary,  believe  that  the  variation  is  too  coaaidnable  for 
explanation  by  that  hypothesis,  and  found  on  this  drcumstoBce  an  argument  in  favour 
of  the  theory  that  atmospheric  air  is  not  a  chemical  compound,  but  a  meuhanical 
mixtiKre  of  oxygen  and  nitrogen  gases,  inasmuch  as  all  gaseous  chemical  eompoaadt 
kaavn  to  chemists  are  the  results  of  the  union  of  definito  volume^  of  the  pnlBiitrro 
gaaetit  without  the  occurrence  of  any  fractional  parts. 

There  are  other  arguments,  however,  to  be  adduced  in  fEiTOur  of  th*  mjeehaiBMal 
umon  oi  oxygen  with  nitrogea  in  vtanoa^ena  ^.   ^cnEub  oi  the  most  weighty  are  as 
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follow : — The  act  of  chemical  Gombination  between  two  bodies  ia  generally  attended  by 
some  notable  change  of  temperature ;  but  no  such  change  ia  recogniaaUe  on  mixing 
oxygen  and  nitrogen  gases  in  the  proportion  neoefieary  to  form  atmoepheiic  air.    The 
result  of  chemical  union  again  is  generally,  if  not  always,  a  body  diffi^ring  in  one  or 
more  characteristics  J&om  the  constitu^its  entering  into  it ;  but  the  properties  of  atmo- 
spheric air  may  be  correctly  described  as  a  mean  of  ^e  properties  of  each.    But,  per* 
haps,  the  most  powerful  argument  in  fayour  of  the  mechanical  nature  of  atmospheric 
air  is  the  £bUowing : — Both  oxygen  and  nitr(^en  gases  are  slightly  soluble  in  water, 
as  ia  well  known ;  but  although  atmospherio  air  i»  said  to  be  also  soluble  to  a  slight 
extent  in  water,  this  statement,  to  be  quite  correct,  must  be  a  little  modified.    Careful 
analysia  of  the  gaseous  matter  absorbed  by  water  proTOS  its  oomposition  to  be— 
Oxygon     .....    32-00 
Nitrogen    .....    6800 
Whereas,  if  atmo^heric  air  were  absorbed  in  the  strictest  sense  of  the  expression, 
the  composition  should  be — 

Oxygen     .  ...  ,  .    20-90 

Nitrogen    .  .  .  .     7910 

If  atmospherio  air  be  not  a  chemical  compound  of  oxygen  and  nitrogen,  but  a  mero 
Biechanicai  admixture,  some  explanation  is  necessary  of  the  cause  which  maintains 
them  in  such  perfect  homogeneity ;  for  though  it  be  true  that  the  difference  of  specific 
gravity  between  oxygen  and  nitrogen  gases  is  only  slight,  yet  that  di^Gerence  shonld 
suffice  to  determine  tiicir  separation,  according  to  the  ordinary  laws  of  gravity  as  evi- 
denced by  solid  and  liquid  bodies.  Whatever  may  be  the  ultimate  cause  of  it,  tho 
phenomenon  of  gaseous  diffusion  is  now  well  recogmsed  as  something  distinct  from 
nbamica]  attraction.  A  striking  experiment,  illustrative  of  this  property,  was  per- 
formed by  Dalton.  This  philosopher  took  two  cylindrical  vessels,  one  of  which  was 
filled  with  carbonic  acid,  the  other  with  hydrogen  gas ;  and  the  latter  being  placed 
uppermost,  a  commnnication  was  established  between  them.  Notwithstanding  the 
great  difference  between  the  specific  gravity  of  hydrogen  and  carbonic  aGid-*the  latter 
being  twenJty-two  times  heavier  than  the  former— perieet  admixture  will  speedily 
ensue. 

Dr.  Dalton  explained  this  phenomenon  by  the  assumption,  that  the  particles  of  ono 
gas  manifested  an  attraction  for  the  particles  of  all  other  gases,  with  the  exception  of 
itself— according  to  which  supposition  one  gas  may  be  regiurded  as  being  a  vacuum  to 
another,  a  deduction  which  acoorda  sufficiently  well  with  observed  phenomena,  though 
it  fails  to  assign  their  cause. 

To  Professor  Graham  we  owe  the  fullest  exposition  which  has  been  made  of  the  law 
of  diffusion  of  gases.  His  experiments  and  deductiona  have  already  been  given  in  a 
fanner  part  of  thiq  treatise  (page  176). 

JExUfU  of  the  Aimo^here ^The  atmosphere  is  not  of  equal  density  throughout. 

This  follows  of  necessity,  seeing  that  xtt  lower  strata  have  to  bear  the  superincumbent 
weight  of  all  above.  The  most  direct  means  of  proving  the  increasing  rate  of  atmo- 
spheria  attenuation  upwards,  is  by  noticing  the  fall  of  a  column  of  mercury  in  the 
barometer,  tho  nature  and  construction  of  which  will  be  soon  explained.  Much 
speculation  has  arisen  concerning  the  diatenoe  from  the  earth's  surface  to  which  the 
atmosphere  extends.  Some  philosophers  have  advoeatod  the  opinion  that  the  pro- 
gressive attenuation  upwards  ia  infinite,  and  that  it  coQflAq;a!Ki\l^  \|«K:^%^a&  «i^  «^|W:^ 
but  the  most  prevalent  idea  ia  that  it  does  not  extend  ^rthei  iSaax&i'ca^i-^^'^^        ^^ 
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the  "  Philosophical  Transactions  "  for  1822,  there  is  a  paper  by  Dr.  WoUaston  on  the 
finite  extent  of  the  atmosphere,  in  whidrthe  hypothesis  embodied  in  the  title  is  argued 
with  much  ingenuity.    If  the  atmosphere  be  supposed  infinite,  it  should  peryade  all 
space,  and  the  heavenly  bodies  should  each  attract  a  portion  commensurate  with  their 
own  mass  or  gravitating  power.    But  certain  astronomical  observations  made  by  Dr. 
WoUaston  and  Captain  Kater  are  in  favour  of  the  conclusion  that  there  is  no  solar 
atmosphere ;  and  the  observations  of  other  astronomers  render  the  supposition  probable 
that  the  planet  Jupiter  has  no  atmosphere.    These  deductions,  if  correct,  are  evidently 
opposed  to  the  hypothesis  of  infinite  atmospheric  subdivision.    Dr.  WoUaston,  then, 
was  strongly  of  opinion  that  our  atmosphere  is  Umited,  and  he  accounted  for  the 
Hmitation  thus : — ^He  imagined  that  at  a  certain  height  the  repulsive  power  subsisting 
between  the  gaseous  particles  of  the  atmosphere  was  exactly  balanced  by  their  gravitating 
power,  and  that  the  balance  thus  established  determined  the  range  of  atmospheric  action. 
The  student  wiU  not  faU  to  remark  that  the  hypothesis  of  Dr.  WoUaston  is  only 
tenable  on  the  assumption  of  the  atomic  state  of  matter  ;  in  favour  of  which  it  is  indeed 
cited  as  a  powerful  argument.    The  atmosphere  can  only -be  limited  by  the  causes  just 
assigned,  at  least  concomitantly  with,  and  as  the  result  of,  an  atomic  constitution.    If, 
therefore,  the  atomic  constitution  of  oxygen,  nitrogen,  carbonic  acid,  and  the  adven- 
titious elements  of  the  atmosphere  be  granted,  the  strongest  probabiUty  arises  that  eveij 
description  of  matter  is  similarly  circumstanced.    It  must  be  admitted,  however,  that 
although  astronomical  observations  may  be  conclusive  against  the  presence  of  an 
atmosphere  around  the  sun  and  Jupiter,  and  must  be,  therefore,  accepted  as  a  proof 
that  our  own  atmosphere  is  limited  in  extent,  the  reasonings  of  Dr.  WoUaston  in  this 
matter  are  divested  of  one  important  element.    That  phUosopher  takes  cognizance 
alone  of  the  limitation  of  gaseous  bulk  as  the  result  of  diminished  pressure ;  but 
diminished  temperature  plays,  at  least,  an  equaUy  important  part  towards  the  same  result 
Between  gases,  commoidy  so  understood,  and  vapours,  there  is  no  absolute  diffiftrenoe 
whatever;  the  difference  is  purely  of  degree.    Now  vapours  are  condensable  into 
liquids  and  soUds  by  cold  alone,  and  extreme  cold  is  a  powerful  agent  towards  effecting 
the  artificial  condensation  of  gases.    Given,  therefore,  a  sufficient  amount  of  cold,  there 
seems  no  reason  why  the  atmospheric  limit  may  not  be  determined  by  the  operation  of 
this  cause.    Now,  in  proportion  as  we  ascend  above  the  earth's  surface,  the  degree  of 
cold  increases.    This  is  demonstrated  by  the  existence  of  snow  on  elevated  mountains, 
and  is  readily  accounted  for.    Gaseous  matter  is  not  heated  by  the  sun's  direct  rays,  or 
by  any  radiant  heat]  whatever— it  derives  its  temperature  from  direct  contact  with 
heated  bodies ;  and  hence  the  amoimt  of  that  temperature  wiU^always  be  proportionate 
with  the  heated  mass  with  which  it  is  in  contact.    Now,  inasmuch  as  the  mass  of  a 
mountain  is  but  trifling  in  comparison  with  the  general  mass  of  our  globe,  we  have  a 
cause  for  the  low  temperature  of  these  elevated  regions.     Another  circumstance^ 
however,  contributes  to  the  same  effect.    The  specific,  or  non-evident,  heat  of  a  given 
volume  of  attenuated  gas  is  greater  than  the  specific  heat  of  the  same  amount  compressed ; 
hence  the  temperature  of  a  definite  volume  of  rarefied  atmospheric  air  is  less  for  equal 
increments  of  heat  than  if  the  same  weight  of  air  were  condensed  into  a  smaller 
volume.    So  far  as  our  observations  have  extended,  the  decrease  of  temperature  la 
equal  to  about  one   degree  of  Fahrenheit's  scale  for  every  300  feet  of  elevation. 
Probably  the  rate  of  decrease  is  stiU  more  considerable  at  higher  elevations. 

The  Bavometez. — In  the  early  part  of  the  seventeenth  century  the  pressnre  of 
the  atmosphere  was  first  noticed  by  Galileo ;  but  the  barometer,  an  instrument  £>r 
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demonstrating  the  yariation  of  this  pressure,  is  referable  to  his  pupil  Torricelli.  The 
barometer,  in  its  simplest  form,  is  made  as-  iSlows : — Procure  a  piece  of  thick  glass 
tubing,  haying  an  internal  diameter  not  less  than  a  fourth  of  an  inch — ^if  more  all  the 
better — and  about  thirty-four  or  thirty-fiye  inches  long.  Seal  one  end  of  the  tube 
hermetically  by  the  blow-pipe  flame,  allowing  the  other  extremity  to  remain  open. 
Next,  holding  the  open  extremity  of  the  tube  uppermost,  fill  it  with  mercury,  place 
the  thumb  on  the  mercury,  and  inyert  the  tube,  mouth  downward,  into  a  small  basin 
or  dish,  also  containing  mercury.  These  dispositions  being  made,  it  follows  that  the 
length  of  the  column  of  mercury  capable  of  being  supported  in  the  tube  will  be 
proportionate  to  the  amount  of  atmospheric  pressure  on  the  surface  of  the  mercury 
contained  in  the  basin.*  The  length  of  this  column  is  subject  to  yariation  &om  day  to 
day,  but  it  will  generally  be  comprised  within  a  small  range  aboye  or  below  thirty 
Supposing  the  atmospheric  pressure  at  the  time  of  the  experiment  just 
detailed  to  be  equiyalent  to  thirty  inches  of  mercury,  and  the  tube  to 
be  thirty-four  inches  long,  then  it  follows  that  the  original  mercurial 
column  will  sink  to  the  extent  of  four  inches  on  inyerting  the  tube ; 
leaying  a  seemingly  empty  space,  to  which  the  appellation  of  Torri- 
cellian yacuum  has  been  applied.  It  is  not,  however,  a  vacuum,  but 
filled  with  the  vapour  of  mercury. 

The  instrument  just  described,  and  a  section  of  which  is  given  in 
Fig.  1,  is  the  simplest,  and  perhaps  most  correct 
form  that  the  barometer  can  assume.    The  dis- 
position of  parts  is,  however,  so  inconvenient 
that  a  modification  is  generally  introduced. 
.In  common  barometers  the  modification  is 
u^    ^—7      ■^"''^^y  0^  ^6  ^^^  depicted  in  Fig.  3.    The  open 
^^^^      extremity  of  the  tube  is  bent  upwards,   and 
p»     -  blown  into  a  little  bulb,  through  one  side  of 

which  there  is  an  aperture,  0,  opening  a  communi- 
cation with  the-  external  atmosphere.  It  is  more  usual,  however, 
in  delicate  barometers  to  dispense  with  this  bulb,  as  represented 
in  Fig.  2.  This  construction  enables  the 
observer  to  read  off  exactly  the  number  of 
barometric  inches  and  parts  of  inches  by  a 
suitable  scale  appendix,  coimtiag  from  the 
level  I,  at  which  tiie  mercury  stands  in  the  short  leg  of  the  tube. 

Though  the  real  function  of  the  barometer  is  to  indicate  the 
degree  of  atmospheric  pressure  at  any  time,  it  is  applied  to  a  useful 
collateral  purpose — namely,  to  the  purpose  of  indicating  changes  of 
weather.  Practically  it  is  found  that  certain  conditions  of  atmo- 
spheric pressure  co-exist  with  rain,  wind,  and  drought ;  the  barometer 
indicates  these  conditions,  and  thereby  becomes  a  weather-glass. 
Occasionally  the  barometric  weather-glass  is  supplied  with  a  dial 
index,  the  motion  to  which  is  given  in  the  following  manner : — 
A  small  light  pulley- wheel  is  attached  in  such  manner  to  the  iustru- 
ment  that  by  means  of  the  weights  iouf  (Fig.  4),  and  a  connecting  strin^^ 
»,  the  wheel  shall  turn  by  the  upward  pressure  of  metcuty  «L^;aMaa\.  ^"a  -^c^j^  vj>«bSl 
•  About  15  lbs.  to  the  square  Inch. 


Fig.  2. 


Fig.  3. 


Fig.  4. 
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return  by  the  slightly  preponderating  weight  of  w  over  n/,  -when  the  mercury  siaki  in 
the  short  leg  of  the  syphon.  This  fimn  of  barometer,  although  conyement  aa  a 
tceuther-^icus  for  general  reference,  is  by  no  means  so  oorroot  as  thoee  with  yertical 
scales,  and  without  the  wheel  appendage. 

Many  circumstances  to  which  no  reference  has  been  made  require  attention  in  the 
manufacture  of  correct  barometers.  It  is  of  the  utmost  importance  that  the  mercury 
employed  be  qiiite  pure,  and  that  the  barometer  tube  neither  contain  moisture  nor 
atmospheric  air.  Mom>yer,  it  is  almost  unnecessary  to  state  that  the  internal  diameter 
of  the  barometer  tube  should  be  of  the  same  length  throughout.  The  absence  of 
moisture  can  bo  certified  by  drying  the  tube  immediately  before  closing  it ;  but  theie 
is  only  one  method  of  totally  dispelling  every  trace  of  atmospheric  air — aamelyy  by 
boiUng  the  mercury  after  it  has  been  poured  into  the  tube.  This  opetmtioii  involres 
much  danger  to  the  instrument,  as  may  be  readily  inferred,  and,  consequently,  adds 
much  to  its  expense.  Much  needless  inaccuracy  is  conferred  upon  ordinary  barometers 
by  forming  them  of  tubes  too  small.  This  is  done  £rom  motiyes  of  economy ;  to 
diminish  the  amount  of  quicksilver  used  in  filling  them ;  but  the  eooaomy  is  miqtlaced. 
To  be  a  correct  indicator  of  atmospheric  pressure,  tha  mercurial  col^mn  should  be 
totally  deprived  (if  possible)  of  all  frictional  interference.  This  is  obviously  impoMiblc : 
between  the  glass  and  the  mercury  dictum  there  must  be ;  but  by  employing  tabes  of 
small  diameter  the  amount  of  friction  is  needlessly  increased ;  moreover,  the  nrface 
of  the  mercury  in  them  is  so  ccmvex  that  its  correct  level  is  difficult  to  be  ascerlsined. 
A  moderately  correct  barometer  cannot  be  dispensed  with  by  the  chemist  who  conducts 
experimental  researches  on  gaseous  bodies.  He  cannot  depend  from  day  to  day  on 
the  continuance  of  any  given  amount  of  atmospheric  pressure,  consequently  the  igneous 
mixtures  upon  which  he  operates  will  be  oontinnslly  changing  their  volume^  The 
law  of  increase  or  decrease  of  volume,  however,  for  any  given  rate  of  pressure  is  well 
haown ;  and  the  chemist  can,  therefore,  reduce  a  given  volume  at  one  tempantais  to 
ths  hypothetical  volume  at  another  temperature  with  ftcility  by  the  application  of  the 
ndes  previously  explained  in  a  former  part  of  this  treatise  (page  112). 

Combinatloat  of  Ozygea  with  VUvogeJiu — There  arc  five  known  oonaibioft- 
tms  of  Qxygffli  with  nitrogen,  constitnting  the  following  bodies  :-^ 


1.  Protoxide  of  nitrogen 

2.  Binoxidc  of  nitrogen 

3.  Hyponitrous  acid      . 

4.  Nitrous  acid    .     .     . 

5.  Nitric  acid       .     .     . 


Atoms. 

Parts  by  Weight. 

Symbd. 

N. 

O. 

N. 

O. 

1 

2 
3 
4 
5 

8 

16 
24 
32 
50 

NO 
N03 
N03 
NQ* 
NO* 

General  JRemarka,— The  list  of  compounds  of  oxygen  with  nitrogen  presents  the 
example  of  a  complete  series  so  far  as  it  extends,  and  for  this  reason  it  well  illustrates 
the  philosophy  of  the  atomic  theory.  Except  the  last  (nitric  acid),  none  sf  the 
preceding  compounds  occur  in  nature ;  and  even  nitric  acid,  though  it  does  naturally 
exist,  is  always  found  in  combination  usually  with  potash  or  soda,  the  nilmtcs  respec- 
tively of  these  alkalies.  Nitrate  of  potash  ia  commonly  known  by  the  appeUation 
of  nitre,  or  saltpetre ;  hence  the  terms  nitric  acid  and  nitrogen.  Although  in  the  fore- 
going tabular  view  the  compound^  of  oxygen  with  nitrogen  are  necessarily  arranged 
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in  the  numerioal  order  of  their  constituonts,  neverthelesB,  in  describing  thorn,  this 
order  should  be  departed  from ;  nitrio  acid,  th$  last,  being  the  first  disciufted,  because 
from,  nitric  acid  all  the  others  are  prepared,  directly  or  indirectly. 

Nitxio  Acid. — This  acid  is  usually  regarded  as  synonymous  with  aqua-fortis^ 
a  combination  of  the  real  or  anhydrous  nitiic  acid  with  water.  Since,  however, 
De^ille  hoji  euooeeded  in  i£olating  the  real  or  anhydrous  nitric  acid,  the  two  should 
not  be  confounded. 

JUal  or  Anhf/drom  Nitric  Acid. — This  compound  was  isolated  not  long  aga  by 
31.  Beville,  who  succeeded  in  obtaining  it  by  passiug  a  slow  current  of  chlorine  first 
over  chloride  of  calcium  and  sulphuric  acid,  and  subsequently  over  dry  nitrate  of 
silver,  previously  heated  to  203"*  F.,  and  maintained  during  the  operation  at  a  tem- 
perature of  136°  to  150°  F.  The  results  of  decomposition  were  caused  to  pass  through 
a  T7-tube,  cooled  down  to  —  5  5"  F.  Chloride  of  silver  resulted,  oxygen  gas  eeoaped,  and 
nitrio  acid,  deprived  of  water,  was  obtained  in  crystahi.  At  the  same  time,  portions  of 
a  volatile  liquid-^^most  probably  nitrous  acid — escaped. 

Anhydrous  nitric  acid  is  stated  by  PeviUo  to  consist  of  brilliant  colourless  rhombic 
prisma,  which  fuse  at  84°  or  86°  F.,  and  boil  at  113°  to  122"  F.,  sufiering  decomposition 
at  the  latter  temperature.  The  crystals  manifest  a  remarkable  tendency  to  combine 
with  water,  hydrated  nitric  acid  being  the  result. 

ffydrated  pr  ffydroua  Nitric  Acid-^Aqua-fortia.-^This  compound  is  prepared  by 
subjecting  to  distillation  a  mixture  of  sulphuric  acid  and  nitrate  of  potash  (nitre),  or 
lutratei  of  soda.  ThQ  theory  of  the  decomposition  which  ensues  is  exceedingly  simple. 
I^itrio  ^id  has  less  affinity  (to  uso  a  common  but  not  quite  correct  expression,  ifid$  pp. 
54  «4  MffO  for  potash  or  soda  than  is  possessed  by  sulphuric  acid  for  the  same ;  fi>r  whieh 
I«a0(»>  double  decomposition  ensuesx^^tric  acid  united  with  water  being  evolved,  and 
a  eoiDbinatkm  of  sulphuric  acid  with  potash  or  soda  remaining.  The  eombination  in 
question  may  be  a  sulphate,  or  a  bi-sulphate,  or,  lastly,  a  mixture  of  tibe  two,  as  wo 
ib«U  leom  presently. 

Th«ro  are  two  eombinations  of  sulphuric  aoid  with  potaah-^the  neutral  suj^hate 
and  tlk»  hi-siUphaiQ,  The  first  of  these  is  s^ydrous  (devoid  of  water),  and  consists  of 
one  equivalent  of  sulphuric  acid,  40,  united  with  one  equivalent,  48,  of  potash ;  the 
bi-s«lphate  of  pot«shi  cm  th^  contrary,  is  the  result  of  imion  between  two  equivalents 
of  sulphurio.  aioid^  one  of  potash  and  one  ef  water.  Anticipating  the  preparation  of  oil 
of  vitvial  (suljphuiic  acid),  it  will  be  necessary  here  to  mention  that  the  strongest  oil 
of  -vitriol  oi!  eommerce  is  oomposed  of  one  equivalent  of  sulphuric  acid  and  one  of  water ; 
oojBsequemtlyy  inasmuch  as  niiirio  acid  rapidly  decomposes  if  it  do  not  find  a  certain 
ioiiaii»iun  of  water  wherewith  to  combine,  the  quantity  of  oil  of  vitriol  employed  in 
the  iMmufaotuze  of  ad4  requires  to  he  nicely  apportioned,^  if  the  operator  wishes  to 
produoe  th9  maximum  quantity  of  aqua-forti»  of  the  maximum  strength.  The  best 
praetioid  quiotities  for  aifording  this  result  are  100  nitrate  of  potash,  and  98-8  oil  of 
vxtri0l*-lHroi>ortions  which  yield  12a'7l  parts  of  bi-sulphate  of  potash  and  62*29  of 
npwihydraite  of  nitrio  acid,  whioh  is  the  starongest  %arm  that  aqusrfortis  can  assume. 

M onohydrate  of  nitrio  aoid,  as  its  name  indicates,  is  a  compound  of  one  equivalent 
(54)  «f  nitric  acid,  and  quo  equivfilent  (9)  of  wat^ ;  or»  in  other  terms,  it  contains  about 
14  per  oent.  of  waters  Its  dwsity  is  abotit  \  '^92,  and  its  boiling  point  is  about  186  '8°  F. 
Thet  noRohydrate  of  nitrip  aoid  solidifies  at  about  68°  F.  It  is  nearly  oolouiiMs  when 
pur9  ^  hut  (m  account  of  a  tendency  to  deoemposittfm,  ili  assiunes  a.  tint  more  or  less 
yelWw  fipom  the  operi^tion  of  slight  otmsts^  snolfc  as  ths  inflnfloace  of  heiEit  or  light, 
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ospecially  the  direct  solar  rays.  Monohydratc  of  nitric  acid  manifests  a  strong  tendency 
to  unite  with  water,  with  which  it  seems  to  comhine  in  all  proportions ;  but  great 
probability  attaches  to  the  opinion  that  the  seemingly  innumerable  combinations  of 
nitric  acid  and  water  arc  really  mixtures  of  yarious  definite  hydrates  of  that  acid.  The 
existence  of  one  hydrate  we  have  already  proved.  There  is  yet  another,  fiEurmore  stable 
than  the  last,  commonly  known  to  chemists ;  and  yarious  considerations  point  to  the 
existence  of  others  which  have  not  been  isolated.  Owing  to  the  tendency  which  mono- 
hydrate  of  nitric  acid  displays  to  unite  itself  with  water, '  and  reach  a  higher  state  of 
hydration,  it  seeks  out  aqueous  vapour,  floating  invisibly  in  the  atmosphere,  and,  by 
union  with  it,  generates  cloudy  fumes :  hence  the  appellation  "/miwmi^  nitric  aeidy**  by 
which  it  is  often  designated. 

The  second  hydrate  of  nitric  acid  which  has  been  isolated  is  a  compound  of  one 
equivalent  real  nitric  acid  and  four  of  water :  hence  its  formula  is  NO^  -f"  4H0.  It  may 
bo  procured  by  adding  a  suitable  quantity  of  water  to  the  proportions  of  oil  of  vitriol 
and  nitrato  of  potash,  already  given  when  describing  the  manufacture  of  the  proto- 
hydrato  ;  but  the  process  most  instructive  to  the  chemical  student  consists  in  mixing  a 
portion  of  the  protohydrate  with  an  excess  of  water,  and  subjecting  the  mixture  to 
distillation. 

In  performing  the  above  operation  the  retort  should  be  tubulated,  and  furnished 
with  a  thermometer,  for  the  purpose  of  indicating  the  changes  which  ensue.  For  some 
time  after  the  application  of  heat,  water  almost  pure  will  come  over,  the  thermometer 
continuing  to  indicate  212**  F.  (the  boiling  point  of  water).  Soon,  however,  the  tem- 
perature will  begin  to  rise,  and  it  will  continue  rising  until  about  253°  F.,  when, 
becoming  stationary,  it  will  continue  so  until  the  end  of  Hie  operation.  Concomitantly 
with  this  atcadily-maintaincd  temperature,  a  combination  of  nitric  acid  and  water, 
having  one  definite  strength,  will  pass  over;  it  consist?  of  four  equivalents  of  water, 
united  with  one  of  real  nitric  acid. 

This  hydrate  possesses  afar  moro  stable  composition  than  the  one  already  des- 
cribed. It  may  be  distilled  many  times  successively  without  incurring  decompo- 
sition, or  exposed  to  the  direct  solar  rays  for  an  indefinite  period  with  similar  absence 
of  efftMJt. 

Ckemicni  Qi44iiities  mnd  Gmerti  Characi$risties  of  Kitrie  Add, — The  most  striking 
characteristio  of  nitric  acid,  and  the  one  upon  which  its  most  important  applications 
depend,  is  the  large  amount  of  oxygrai  (5  equivalents)  'u^ch  it  contains,  and  the 
facility  with  which  that  oxygen  is  imparted  to  other  bodies  having  an  affinity  for  it 

Dependent  upon  this  quality  of  nitric  acid  is  a  frequent  implication  of  it,  in  the 
course  of  anal3rsis  and  chemical  manufacture,  as  an  oxidiiing  agent.  Dependent  also 
on  the  same  quality,  though  somewhat  more  remotdy,  is  the  em^oyment  of  nitiafte  of 
potash  (nitre)  in  the  gunpowder  manufocture.  Nitre  contains  not  only  the  portion 
(fire  equivalMits)  of  oxygen  dae  to  the  presence  of  nitric  acid,  bat  one  equivalent  in 
union  with  potassium  to  foim  potash.  Nitrate  of  potash,  therefore,  contains  six 
equivalents  of  oxygen  in  alL  Hence  it  follows,  ther^bie,  that  if  nitrate  of  potash  be 
iaUmately  mixed  with  bodies  having  the  propearty  of  boraing  in  oxygen,  ws  obtain  a 
ttechaaical  compound  wWh  can  burn,  independemdy  of  tiie  presence  of  atmospherie 
air.  Of  this  kind  is  gunpowder.  If  the  stadent  will  now  torn  to  page  283,  in  whieh 
thi^pioeesa  isgiv^nfor  preparing  oxygen  gas  by  distillation  firos  chlorate  of  potash,  he 
wiU  at  OBW  p«««iT«  that  nitric  aeid,  in  its  compositioiu  pscaents  a  striking  analogy 
li>  ihechlorie  acid;  and*  moreoTON  that  nitrate  of  polasik  is  the  exact  counterpazt  of 
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chlorate  of  potash,  merely  substituting  nitrogen  for  chlorine.  Not  only  is  there  a 
similarity  of  composition,  but  a  similarity  of  properties  also  between  the  nitric  and  the 
chloric  acids — ^the  nitrates  and  the  chlorates  respectiyely.  As  it  is  always  desirable  to 
let  no  opportunity  escape  of  impressing  generalizations  on  the  mind,  the  student  will  do 
well  to  remember  that  chloric,  nitric,  iodic,  and  bromic  acids,  constitute  a  well-marked 
group ;  and,  moreover,  that  there  also  exists  an  equally  marked  series  of  analogies 
between  their  combinations.  If  an  unknown  acid  yields,  on  combination  with  an 
alkali,  or  other  base,  a  salt  capable  of  forming  touch-paper,  the  salt  in  question  must 
be  either  a  nitrate,  chlorate,  iodate,  or  bromate ;  and  must  contain  either  the  nitric, 
chloric,  iodic,  or  bromic  acid.  Nitric  acid  may  be  individualized  by  the  following 
characteristics : — If  uncombined  with  a  base,  and  moderately  concentrated,  it  tinges 
the  skin,  and  animal  substances  generally,  deep  yellow;  hence  it  is  sometimes  employed 
as  a  dyeing  agent.  This  indication  of  nitric  acid  is  exceedingly  valuable  when  the  sub- 
stance has  been  administered  criminally.  Frequently  the  characteristic  just  indicated 
will  be  sufficient  as  a  qualitative  test  of  nitric  acid.  Should  there  remain  any  doubt, 
however,  the  following  plan  may  be  adopted : — 

Take  a  test-tube,  fit  to  it  accurately  a  cork  and  bent  delivery-tube,  passing  into  a 

solution  of  proto-sulphate  of  iron  {green  vitriol). 
The  arrangement  having  been  duly  made,  place  a 
few  shreds  of  copper  turnings  in  the  test-tube, 
pour  upon  it  the  suspected  acid,  and  apply  heat. 
If  the  solution  of  proto-sulphate  of  iron  turn 
black,  the  acid  employed  is  the  nitric.  The 
rationale  of  this  operation  will  be  made  known 
under][the  head  of  binoxide  of  nitrogen. 

Quantitative  Determination  of  ^Nitric  Add. — 
Chemists  are  not  aware  of  any  test  endowed 
with  the  property  of  combining  with  nitric 
acid,  and  forming  an  insoluble  precipitate; 
the  quantity  of  this  acid  present  in  aqueous  solution  — provided  no  other  matter 
he  there— m2i.y  be  readily  ascertained  thus : — ^Weigh  a  given  quantity — say  200  grains 
-^-of  the  acid  solution  into  a  glass-flask,  dilute  with  water,  and  add  a  known  quantity 
of  oxide  of  lead;  it  should  be  sufficient  not  only  to  combine  with  the  whole  of 
the  acid  present,  but  to  leave  a  portion  in  excess.  The  flask,  now  containing  nitric 
acid,  oxide  of  lead,  and  water,  is  to  be  exposed  to  heat,  which  will  drive  [off  all  the 
water,  and  leave  a  mixture  of  nitrate  of  lead  with  oxide  of  lead  behind.  If  the  flask 
be  now  weighed  again,  a  certain  loss  wiU  be  appreciable — that  loss  proportionate  with 
the  amount  of  water  originally  combined  with  the  nitric  acid.  This  operation  is 
founded  on  the  circumstance  that  nitrate  of  lead  is  an  anhydrous  salt — ^in  other  words, 
a  salt,  into  the  constitution  of  which  water  does  not  enter. 

Composition  of  Nitrie  Add  demonstrated, — The  composition  of  nitric  acid  may  be 
proved  both  analytically  and  synthetically.  The  synthetical  method  consists  in 
exposing  a  mixture  of  oxygen  and  nitrogen  gases  in  contact  with  water ;  or,  stiU  better, 
an  alkaline  base  to  the  agency  of  electric  sparks.  If  a  mixture  of  oxygen  and  nitrogen 
gases,  in  known  proportions,  be  employed,  the  condensation  ensuing  will  be  found  to 
correspond  with  one  equivalent  (14  parts  by  weight)  of  nitrogen,  and  five  equivalents 
(40  parts  by  weight)  of  oxygen.  The  condensation  is  due  to  the  formation  of  nitric 
acid ;  and  on  its  union  wil^  water,  or  a  base  of  the  latter,  it  will  be  found  capable  of 
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making  toucb-paper ;  hence,  considering  the  litnitation  of  the  ez^rimebt,  it  must  be  a 
nitmte,  and  its  acid,  consequently,  the  nitric  acid. 

Although  it  is  necesstiy  to  mix  the  two  gases,  in  the  j^oportioa  of  ih$  wAp&A^tAL 
of  nitric  acid,  if  the  operator  desire  to  obtain  the  maximutoi  amount  of  that  aeid  from 
the  minimum  amount  of  gaseous  mixture,-«M.neverthcle6S)  poftions  of  fiitfi^J  add  arc 
generated,  whatever  the  relation  subsisting  between  the  two  ga^es  tnay  bo.  Thus, 
for  example,  atmospheric  air  ansirers  perfectly  well ;  tho  combintAifm  of  nitfogefi 
with  oxygen  ensues,  and  nitric  acid  is  formed.  Hence  we  are  at  no  lose  to  addotint 
for  the  production  of  nitric  acid  in  nature,  and  for  the  tre^wmi  presondO  of  ftitstate  of 
ammonia  in  rain-water. 

The  annexed  cut  represents  a  conrcnient  apparatus  f&e  effecting  the  cottbiiifttf<m 

between  oxygen  and  nitit^gen  gaseft<  A  glass 
tube,  open  at  both  ends,  is  bent  iflto  ftn  Obtctse 
angle.  The  angular  patt  contains  tlM  miJEtilt^ 
of  oxygen  and  nitrogen,  in  contact  tri&  water, 
or  a  basic  solution,  and  each  end  tetioinatse 
in  a  yessel  of  mercury.  The  ttmnipulative 
process  has  been  in  such  manner  conducted  that 
a  quantity  of  mercury  is  alloHrecf  to  remain  in 
the  tube,  leaving  a  space  between  its  two  surfaces,  across  which  electric  sparks  £rom 
a  moderately-powerful  machine  can  dart  with  case.  Inspeotion  of  the  diagram 
will  make  evident,  that  on  establishing  cleoti*ic  communication  with  the  two  vessels, 
a  current  of  sparks  will  rush  through  the  Intervening  space  containing  the  mixed 


Analytically,  the  composition  of  nifcrie  acid  may  be  determined  by  deeomj>osing 
nitrate  of  lead  in  a  tube  heated  to  redness,  transmitting  tho  evolved  vapour  through 
copper  turnings,  also  heated  to  redness,  and  collcctitig  the  final  gaseous  resi^ti^.  The 
latter  will  be  nitrogen  acid,  in  such  proportion  that  etety  eqttiTalent,  or  14  ptt^  by 
weight,  of  it  must  have  been  in  combination  with  five  equivalents,  or  forty  parts  by 
weight,  of  oxygen. 

Dttcrmination  of  the  preaenee  of  Nitric  Acid  in  eombinaUon  with  bases. — Inaemudi  as 
all  nitrates  are  decomposable  by  the  united  influence  of  sulphuric  acid  and  heat^  the 
process  already  given  for  distinguishing  tho  presence  of  uticombinod  nitric  aoid  Nquifes 
to  be  modified  thus  : — Mix  the  suspeeted  nitric  aeid  compound  with  a  few  shreds  of 
copper  turnings  in  the  distillatory  tube;  add  stdphuric  acid^  SPP^T  heaty  ted  |wis 
the  result  of  distillation  through  a  solution  of  protosulphate  of  iron.  If  tbe  ktisr 
become  blackened,  nitric  a6id  in  oombinstion  will  havo  been  present. 

Uses  of  Mydrated  Nitrie  Add  {Aquafortis).— ^"Not  only  is  this  liquid  exftoifliyi^ 
employed  in  the  laboratory  of  research,  and  in  medicine,  but  it  is  also  of  very  Btteain 
use  in  the  arts.  The  commercial  acid  is  generally  not  quite  pure.  It  is  apt  to  eontain 
iron,  sulphuric  and  hydrochloric  acids  ;  it  is,  moreover,  genciiilly  coloured  reA&h,  by 
the  presence  of  hyponitrous  and  nitrous  acids,  tho  results  of  decomposition  of  a  j^ortioa 
of  nitric  acid.  The  latter  kind  of  impurity  is  usually  of  no  oonsequencei,  ayeii  in 
conducting  operations  of  analytical  delicacy ;  but  the  presence  of  all  other  inipilriliaB 
should  be  carefully  guarded  against.  Tho  presence  of  iron  may  be  demonstrated,  if  it 
exist,  by  diluting  the  acid  with  water,  and  adding  a  solution  of  feirueyauide  of 
potassium  (prussiate  of  potash).  Sulphuric  acid  is  indicated  by  a  white  precipitiie 
occurring  on  the  addition  of  a  baryta  salt  solution ;  and  hydrochloric  acid  by  a  lolutiaa 
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of  nitrate  of  silver,  with  which,  it  throws  down  a  white  precipitate.  From  iron  and 
sulphxuio  acid  aquafortis  may  ho  purified  hy  slow  diitillation,  condensing  the  result  in 
a  succession  of  receiyors,  as  represented  in  the  annexed  cut.    The  iron  will  he  wholly 

left  hchind  in  the  retort,  so  in 

/^^^^^  i^^^^\,  jy^^\  all  probahility  will  the  sulphuric 

t:y.      *  !#-^^  *£»  .    '^  X— Jl4-..       '^.^'1       'f      acid  also;  but  should  any  of  the 

^^k^  ^  ^^^^  ^^^r  latter  come  over,  it  will  deposit 

.    J5/1  in  the  first  receiver,  pure  nitric 

>    Srir/    acid  collecting  in  the  second  and  third.     Inasmuch  as  hydrochloric 

P 11  I      acid  is  exceedingly  volatile,  any  which  may  have  been  present  will 

!      t^^^J^L/      come  over  during  the  distillatory  operation  if  a  special  measure  of 

^^^HE2^     precaution  be  not  taken.     The  best  plan  consists  in  adding  a  solution 

of  nitrate  of  silver  to  the  impure  acid,  and  subsequently  distilling. 

The  theory  of  this  removal  will  be  explained  under  the  departments  of  hydrochloric 

acid  and  silver. 

nu)ToxiDS  or  kitbogek. 

Equivalent  or  atomic  weight 22  ! 

Atomic  or  combining  volume 1,1 

Specific  gravity 1*5246 

Historical  Kotice  and  St/nonf/mes.—Vrotoxido  of  nitrogen  was  discovered  by  Dr.  j 
Priestley,  who  denominated  it  dephlogistieated  nftrous  air.  By  the  associated  Dutch  i 
chemists  it  was  termed  gaseous  oxide  of  azote.  The  apellation  nitrous  oxide  was  given  j 
by  Davy,  and  that  of  laughing  gas  popularly,  on  account  of  the  exhilarating  effects  j 
produced  by  its  inspiration.  Protoxide  of  nitrogen^  however,  is  its  most  appropriate  i 
designation.  j 

Preparation. — ^Nitric  acid,  by  acting  upon  metals,  is  invariably  decomposed ;  but 
the  decomposition  is  not  always  the  same.     In  certain  cases  every  equivalent  of  nitric    i 
acid  loses  four  equivalents  of  oxygen,  when,  as  a  necessary  consequence,  protoxide  of   ; 
nitrogen  results ;  in  others,  the  absorption  of  oxygen  is  not  proportionally  so  great,    j 
three  equivalents  only  being  removed  from  every  equivalent  of  nitric  acid,  when,  as 
the  necessary  consequence,  the  gas  next  to  be  described  is  evolved.    Frequently  the 
two  gases  are  simultaneously  generated.     If  zinc  be  the  metal  employed,  and  if  the 
nitric  acid  be  diluted,  protoxide  and  binoxide  of  nitrogen  are  simultaneously  evolved ; 
but  if  the  mixed  gas  bo  allowed  to  stand  for  some  time  in  contact  with  zinc  or  iron 
filings  moistened  with  water,  the  binoxide  of  nitrogen  which  may  be  present  yields  up 
its  oxygen,  and  becomes  reduced  to  the  condition  of  protoxide. 

The  foregoing  method  of  preparation,  although  it  be  instructive  as  illustrating  the 
composition  of  the  compound  under  notice,  is  not  the  most  convenient  method  of 
preparing  it.  This  is  best  accomplished  by  the  distillation  of  a  crystallines  salt  termed 
nitrate  of  ammonia.  The  distillatory  apparatus  should  be  a  glass  retort  and  bell-glass, 
or  a  gasometer,  and  the  heat  applied  should  not  exceed  500°  Fah. 

Thus  treated,  the  decomposition  of  nitrate  of  ammonia  is  complete :  it  entirely 
disappears,  water  and  protoxide  of  nitrogen  (the  latter  a  gas)  being  the  sole  results. 
The  theory  of  this  decomposition  will  be  readily  understood  by  reference  to  the  following 
diagram,  from  which  it  appears  that  one  equivalent  of  nitrate  of  ammonia  consists  of 
one  equivalent  of  nitric  acid,  one  of  ammonia,  and  one  of  water ;  and  that  it  yields,  by 
decomposition,  two  of  protoxide  of  nitrogen  and  four  of  water. 
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1  Nitrate  of 
ammonia   "^ 


f  (  ^  ^ -^^  2  Protoxide  of  nitn^en. 

1  Nitric  acid  j2  0 ^^ 

1  Ammonia    )  o  jt 


\  1  Water, 


4  Water. 


Or,  adopting  the  notation  of  chemical  symbols,  the  decomposition  stands  thus : — 
NH^HO.NO»  =  2N0  +  4H0. 

Properties. — The  protoxide  of  nitrogen,  at  ordinary  temperatures  and  pressures,  is  a 
colourless  gas,  considerably  heavier  than  atmospheric  air,  sweetish  to  the  taste,  capable 
of  supporting  respiration  for  a  short  period,  and  giving  rise  to  a  kind  of  intoxication. 
It  is  rapidly  absorbed  by  water,  which  has  been  previously  boiled,  to  the  extent  of  nine- 
tcnths  of  the  bulk  of  the  water  employed.  Water  which  has  thus  been  saturated  with 
the  gas  evolves  it  again  unchanged  when  heated.  Protoxide  of  nitrogen  strongly 
resembles  oxygen  in  its  relation  of  supporting  combustion.  A  candle  bums  in  it  with 
a  brilliant  white  flame  and  crackling  noise.  Before  its  extinction  the  interior  flame 
becomes  enveloped  with  an  exterior  blue  one,  by  which  characteristic  it  may  be  distin- 
guished from  oxygen.  Sulphur,  if  introduced  into  this  gas  when  feebly  burning,  is 
extinguished;  but  if  in  the  state  of  full  combustion,  it  bums  with  great  vigour. 
Phosphorus,  if  ignited  and  immersed,  bums  with  almost  the  same  brilliancy  as  in  oxygen 
— noverthcloes,  phosphorus  may  be  heated,  and  even  sublimed  in  the  gas,  without  com- 
bustion. Red-hot  charcoal  bums  with  far  greater  brilliancy  in  protoxide  of  nitrogen 
than  in  atmospheric  air,  but  not  with  such  brilliancy  as  in  oxygen.  The  results  of  this 
combustion  are  half  a  volume  of  carbonic  acid  (containing  half  a  volume  of  oxygen], 
and  one  volume  of  nitrogen,  from  each  volume  of  the  protoxide  decomposed.  A  mixture 
of  protoxide  of  nitrogen  and  hydrogen  gases  detonate  by  the  electric  spark,  or  may  be 
combined  by  the  agency  of  spongy  platinum.  The  result  of  combustion  varies  according 
to  the  quantity  of  gases  mixed.  When  the  volume  of  hydrogen  slightly  predominates, 
nitrogen  is  the  sole  gaseous  product  of  the  decomposition ;  if  in  lesser  proportionate 
quantity,  some  nitric  acid  is  also  generated.  Under  a  pressure  of  30  atmospheres,  this 
gas  liquifies  at  32®  F.,  and  at  the  very  low  temperature  of —  148°  F.  it  freezes. 

JDetermination  of  Protoxide  of  Nitrogen. — ^The  only  gas  with  which  it  can  be  confounded 
is  oxygon,  with  which  it  presents  many  common  points  of  similarity.  Chemical 
analysis  is  tho  only  certain  method  of  distinguishing  the  two. 

Analysis  of  Protoxide  of  Nitrogen. — The  simplest  means  of  effecting  this  analysis  is 
by  tho  employment  of  potassium,  as  follows : — Having  measured  off,  over  mercury,  a 
known  volume  of  protoxide  of  nitrogen,  transfer  it  to  a  small  retort  tube  ;  then  pass 
up  through  tho  mercury  a  globule  of  potassiimi,  attached  to  an  iron  wire,  and  apply 
heat  externally.  Decomposition  of  the  gas  ensues.  The  phosphorus  uniting  with 
oxygen  forms  potash,  and  pure  nitrogen  remains.  The  tube  having  cooled,  the  gas 
must  bo  transferred  back  to  the  graduated  vessel  in  which  it  was  measured.  Its 
volume  will  not  have  been  altered  by  tho  decomposition,  notwithstanding  the  removal 
of  oxygon  from  it.  We  arrive  at  the  conclusion,  therefore,  that  the  gas  contains  its 
own  volume  of  nitrogen. 
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Hence  if  we  deduct  from  the  weight  of  one  volume  of  protoxide  of  nitrogen,  or,  in 
other  words,  the  specific  gravity  of  the  gas,  =  1*6246,  the  weight  of  one  volume  of 
nitrogen  or  iis  specific  gravity,  =  0*972,  there  remains  0*5526,  which  is  nearly  half 
the  specific  gravity  of  oxygen  gas.  Hence  one  volume  of  protoxide  of  nitrogen 
contains — 

1  volume  of  nitrogen 0*972 

^  volume  (one  atom)  of  oxygen     .     .     .     0*5628 

1*5248 

which  is  practically  identical  with  1*5246,  the  specific  gravity  previously  given. 

The  analysis  of  protoxide  of  nitrogen  may  bo  also  readily  effected  by  the  eudiomc- 
ti-ic  method — ^namely,  mixture  with  hydrogen  and  subsequent  combination,  either  by 
means  of  the  electric  spark  or  by  spongy  platinum.  Let  us  assume  that  the  proportions 
of  gases  employed  in  the  eudiometric  determination  are  as  follows : — 

100  measures  of  protoxide 

150         „  hydrogen 

250 
After  passing  the  electric  spark  let  us  assume  that  the  250  measm'es  have  become 
reduced  to  160,  showing  the  disappearance  of  100.  It  now  remains  to  be  seen  how 
much  hydrogen  exists  in  the  150  measures  of  gas.  The  determination  is  effected  as 
follows  : — Introduce  50  measures  of  oxygen, — making  200  altogether, — ^and  again  pass 
the  electric  spark.  .  There  will  now  remain  only  125  measures  of  gas,  75  measures 
having  disappeared— oxygen  and  hydi'ogen— in  the  proportions  necessary  to  form 
water — namely,  50  of  hydrogen  and  25  of  oxygen.  Consequently  in  the  150  measures 
of  gas  which  remained  after  the  first  detonation,  there  were  50  measures  of 
hydrogen,  and,  consequently,  100  of  nitrogen.  Now,  seeing  that  we  at  fii-st  had  150 
measures  of  hydrogen,  and  that  50  have  been  accounted  for,  100  measures  must  have 
been  exhausted  in  combining  with  the  protoxide  of  nitrogen,  which,  therefore,  arc 
pioved  to  contain, 

100  measures  of  nitrogen, 
50  „  oxygen. 

Fhyaiohgical  ejects  of  tJie  Gas, — ^Very  soon  after  the  discovery  of  this  gas  its  property 
of  exhilaration  when  breathed  was  remarked.  The  term  laughing  gasy  however,  popu- 
larly given  to  it,  is  so  far  incorrect,  that  laughter  is  by  no  means  a  universal  result  of 
its  inhalation.  The  effect  produced  is  a  transient  intoxication,  during  which  varioqs 
phases  of  character  manifest  themselves — the  tendency  to  fight  being  at  least  as  usual 
as  the  tendency  to  laugh. 

BINOXIDE  OP  NITROGEX. 

Equivalent  or  atomic  weight   . 

Atomic  volume 


Specific  gravity 1*0395 

Sistorieal  Notice  and  Synonymes, — This  combination  of  nitrogen  and  oxygen  was 
discovered  by  Hales,  but  first  carefully  studied  by  Priestley.  In  addition  to  the  term 
binoxidc  of  nitrogen,  by  which  I  have  denominated  it,  the  combination  is  also  known 
as  dcutoxide  of  nitrogen,  nitrous  gas,  and  nitric  oxide. 
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Prtparation. — ^The  simpleBt  and  most  usual  arathod  of  prepariii|^  liiia  ooai^Qimd 
consiatf  in  the  dccompositioii  of  nitric  aeid  by  certain  metals,  of  which  cofiper  is 
perhaps  the  most  dibble.  To  insure  puritj  of  the  gas  by  this  operatioD,  it  is  neoessarj 
that  tiie  nitric  acid  be  considerably  diluted,  and  that  the  mixture  he  kept  oool  during 
the  evolution  of  gas.  The  decomposition  which  ensues  is  illustrated  by  the  appended 
diagram : — 

r  I  Nitrogen — -p — *~1  Binozlde  of  Nitrogen. 
1  Nitric  Acid  \  2  Oxygen 


'.3  Oxygen 


3  Copper. 


-Oxide  of  Coppers 


3  Nitric  Acid- 


-3  Nitrate  of  Oxide  of  Copper. 


This,  although  the  usual  process  had  recourse  to  for  the  generation  of  binoxide  of 
nitrogen,  is  very  apt  to  develop  the  gas  in  the  condition  of  slight  impurity.  For  all 
ordinary  purposes,  this  is  immaterial ;  but  when  extreme  purity  is  required,  the  best 
process  for  manufacturing  binoxide  of  nitrogen  consists  in  heating  nitrate  of  potash 
with  a  solution  of  protochloride  of  iron  in  an  excess  of  hydrochloric  acid. 

Before  describing  the  decomposition,  which  is  somewhat  more  complex  than  any 
which  have  come  under  our  notice  hitherto,  I  must  premise  a  few  explanations.  Ptoto- 
chloride  of  iron  is  employed  in  the  decompofdtion ;  and  we  shall  presently  observe  that 
the  protochloride  will  be  converted  into  the  sesquichloride  of  that  metal.  The  expres- 
sions proto-chloride  and  «««^*-chloride  must  therefore  be  well  imderstood.  Protochloride 
of  iron  is  a  union  of  chlorine  with  iron  in  the  first  grade  of  chlorination.  It  is  made  up 
of  one  equivalent  of  chlorine  in  union  with  one  equivalent  of  iron.  There  is  yet  another 
compound  of  these  elements,  in  which  the  proportion  of  chlorine  is  greater,— the  greatest 
portion,  in  fact,  which  a  given  weight  of  iron  is  able  to  combine  widi.  Hence  it  is  some- 
times called  the  jp*r-chloride  of  iron,  from  the  Latin  per  (very  much)  ;  but  the  term 
»^«7fM-chloride  is  more  eligible  {aesqui,  one  and  a-half),  because  it  indicates  Hie  exact 
ratio.  Sesquichloride  of  iron  is  a  compotmd  of  two  equivalents  of  iitm,  in  union  with 
three  equivalents  of  chlorine,  thus,  (F**  CI.'*),  which  is  the  ratio  of  1  :  1  J. 

The  decomposition  will  be  rendered  more  intelligible  by  means  of  a  diagram. 


Nitrate  of 
Potash 


1  Nitric  Acid 


1  Potash 


r  1  Nitrogen 
j  2  Oxygen 
V  3  Oxygen 

(1  Potassium 
U  Oxygen 


==^=-1  Binoxide  of  Nitrogen. 


4  Hydro- (i  Hydrogen 

xXi  I  4  Chlorine     \\  ^i^^^?^« 
(3  Chlormcv 


JiWAter. 


6  Proto-  ^6  Chlorine- 
chloride  \ 
of  Iron    (6  Iron 


[  3  Sesquichloride  of  Iron. 
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Or  tk»  aame  deoompositioa  is  iiuLioated  by  symboiioal  notation  as  fitUows  :-^ 

6F«"C/  +  KO  .  N05  +  mCl=  N02  +  3  (Pe^  CP)  -r  K  C^  +  4H0. 

The  jpvochlorida  of  iron  employed  in  tlie  decomposition  is  thus  prepared  : — ^Take 
j  two  Tolames  of  hydroohbric  acid.  Heat  one  with  iron  filings  until  no  more  of  the 
I  latter  will  diaaolve ;  we  thus  obtain  a  solution  of  protochloride  of  iron ;  finally,  add 
I  to  the  miztore  thus  obtained  the  second  volumo  of  acid.  The  solution  is  now  ready 
I   for  incoiporation  with  nitrate  of  potash. 

Propertua. — ^Binoxide  of  nitrogen,  whichever  prooen  be  adopted,  k  liberated  la  the 
>  state  of  a  colourless  gas,  devoid  of  both  acid  and  dkaltne  qualities,  and  of  oidiiuffy 
i  oombuatible  properties.  It  may  be  collected  either  over  mercuxy  or  water,  notwith- 
'  standing  that  one-twentieth  is  dissolved  by  pure  recently  boiled  water. 
I  When  allowed  to  come  in  contact  with  atmospheric  air  or  oxygen,  ruby-red 
I  vapours  of  hyponitrous  and  nitrous  acid  result,  which  are  rapidly  absorbed  by  water. 
!  This  property  of  binoxide  of  nitrogen  induced  Priestley  to  employ  it  as  an  agent  for 
I  endioBietric  purposes.  It  is,  however,  an  incorrect  method,  because  hyponitrous  and 
j  nitroits  acidi^-^xsoasionally  also  nitric  acid — ^being  generated  in  variable  proportions, 
I  the  amount  of  condensation  is  scarcely  ever  the  same  fbr  any  two  oonsecutive 

experiments.    This  may  be  illustrated  by  the  following  scheme : — 

Binoxide  of  nitrogen,  as  will  be  shown  hereafter,  is  a  compound  of  one  volume  of 

nitrogen  with  one  of  oxygen,  no  contraction  ensuing ;  therefore  it  admits  of  being  thus 

indicated:— 

Binoxide  of  Nitrogen, 

By  combination  with  different  amounts  of  oxygen,  binoxide  of  nitrogen  is  converted 
into  hyponitrous  and  nitrous  acid,  and  nitric  acid,  respectively.  The  exact  amounts 
of  oxygen  required  for  this  purpose  arc  as  follows  : — 
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=    Hyponitrous  Acid. 
=    Nitrous  Acid. 
=    Nitric  Acid. 


Priestley  was  the  first  who  suggested  the  employment  of  binoxide  of  nitrogen  as  an 
cudiometric  agent.  He  was  unaware  of  the  indeterminate  nature  of  the  resulting 
combinations,  and  assumed  that  every  volume  of  the  binoxide  was  rendered  capable 
of  absorption  by  water  by  the  addition  of  one-fourth  its  own  volume  of  oxygen  exactly ; 
in  other  words,  he  assumed  that  hyponitrous  acid  was  the  sole  result  of  combination. 
If  this  condition  could  be  universally  depended  upon,  the  total  amount  of  oxygen  con- 
tained in  any  gas  might  be  determined  by  adding  binoxide  of  nitrogen  until  ruby-red 
vapours  ceased  to  appear,  waiting  until  absorption  had  been  perfected,  and  dividing  the 
amount  of  gas  lost  by,  absorption  by  four. 

It  remains  now  to  state  that,  amongst  the  conditions  which  interfere  with  the  rate 
of  absorption,  the  following  are  well  recognized : — ^Amount  of  agitation  to  which  the 
two  gases  are  subjected—rapidity  of  niixture--opposite  conditions  of  mixture,  such  as 
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whether  the  binoxide  be  added  to  the  air,  or  other  oxygenous  gas,  or  the  latter  to  the 
binoxidc — ^relative  proportions  of  the  two  gases — heat  of  the  mixture. 

The  abstraction  of  oxy- 


gen gas  by  means  of 
binoxide  of  nitrogen  ctn 
be  easily  conducted  as 
follows : — On  the  shelf  of 
a  pneumatic  trough  inyert 
a  jar  containing  atmo- 
spheric air.  Let  the  exact 
space  filled  with  the  atmo- 
spheric air  be  indicated  by 
a  file  scratch,  and  let  it  be 
regarded  as  constituting  one  volume.  Let  there  be  provided  a  second  jar  or  bottle,  the 
contents  of  which,  when  closed  with  a  glass  valve,  are  equal  to  the  volume  madced  off 
in  the  first.  Fill  the  second  with  binoxide  of  nitrogen,  and  add  it  to  the  atmospheric 
air  confined  in  the  first,  when  red  vapours  will  appear,  and,  becoming  absorbed,  the 
resulting  gaseous  contents  will  not  fill  two  volumes,  by  some  variable  quantity 
dependent  on  tho  relative  amounts  of  hyponitrous  and  nitrous  acid  formed. 

An  ignited  match  or  taper  plunged  into  binoxide  of  nitrogen  is  extinguished ;  so  is 
burning  charcoal,  except  its  combustion  at  the  instant  of  immersion  be  intense,  under 
which  condition  it  bums  with  increased  splendour.  Ignited  sulphur  is  at  once 
extinguished  when  plunged  into  a  vessel  containing  this  gas,  and  phosphorus  may  be 
sublimed  in  an  atmosphere  of  binoxide  of  nitrogen  without  burning.  If,  however, 
phosphorus  already  well  ignited  be  immersed,  the  combustion  is  very  intense.  These 
experiments  strikingly  illustrate  the  power  of  chemical  decomposition  in  modifying 
tho  character  of  bodies.  Binoxide  of  nitrogen  contains  twice  as  much  oxygen  as 
protoxide,  and  yet  it  docs  not  support  combustion  with  equal  facility.  Binoxide  of 
nitrogen  is  absorbed  with  great  facility  by  a  solution  of  protosulphate  of  iron,  forming 
a  liquid  the  exact  composition  of  which  has  not  been  determined.  It  rapidly  combines 
with  oxygon  gas,  as  wo  have  seen.  Nitric  acid  also  dissolves  a  considerable  quantity 
of  the  gas,  and  then  becomes  a  coloured  liquid,  sold  in  commerce  imder  tho  appellation 
of  nitrous  acid ;  it  is  very  different,  however,  from  the  true  chemical  nitrous  acid  pre- 
sently to  be  discussed.  The  changes  effected  on  nitric  acid  by  the  absorption  of 
binoxide  of  nitrogen  have  been  well  studied.  They  are  as  follow : — ^A  portion  of  the 
binoxide,  by  its  tendency  to  combine  with  oxygen,  receives  from  nitric  acid  a  portion 
of  this  clement ;  thus  giving  rise  to  two  portions  of  nitrous  acid — one  from  the  nitric 
acid  deprived  of  a  part  of  its  oxygen,  the  other  from  the  binoxide  employed  converted 
to  a  higher  state  of  oxygenation.  The  mutual  reaction  of  nitric  acid  and  binoxide  of 
nitrogen  only  takes  place  when  the  nitric  acid  employed  is  concentrated  above  ft  certain 
grade,  and  the  colour  of  the  result  varies  according  to  the  strength  of  the  nitric  acid. 
Monohydrate  of  nitric  acid  gives  rise  to  a  liquid  which  is  brown.  A  slight  amount  of 
dilution  produces  a  yellow  tint ;  and  when  the  nitric  acid  employed  obtains  a  specific 
gravity  of  l'3o,  the  result  of  passing  binoxide  of  nitrogen  through  it  is  green.  When 
the  specific  gravity  of  the  nitric  acid  is  still  further  lowered  by  dilution,  binoxide  of 
nitrogen  no  longer  gives  rise  to  an  alteration  of  tint. 

Analysis  of  Binoxide  of  Ifxtrogen. — (1 ) .  By  heating  it  with  potassium  in  a  curved  tube 
retort,  as  was  done  in  effecting  the  analysis  of  protoxide  of  nitrogen  (page  320),  by 
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which  operation  the  resulting  gas  ia  found  to  occupy  half  the  space  of  the  original 
binoxide ;  hence  one  volume  of  binoxide  contains  half  a  Tolume  of  nitrogen. 

Subtracting  from  the  specific  gravity  of  the  binoxidc  .        .     1*039 
Half  the  specific  gravity  of  nitrogen 0*486 

There  remains 0*553 

which  is  very  near  half  the  specific  gravity  of  oxygen  gas. 
One  volume  of  binoxide  of  nitrogen  therefore  contains 

Specific  gravity. 

i  volume  of  nitrogen 0*486 

i  volume  of  oxygen .    0*552 

1038 
without  condensation ;  from  which  circumstance  we  infer  that  the  combining  or  atomic 
volume  of  the  binoxide  is  I 


{2).  By  admixture  with  hydrogen,  and  subsequent  explosion  in  a  eudiometer. 
Equal  volumes  of  binoxide  of  nitrogen  and  hydrogen  being  mixed  and  exploded, 
the  resiilt  is  water  and  nitrogen,  as  represented  by  the  annexed  diagram. 

Binoxide 
Nitrogen 


Hydrogen 


N      O2 


H  !  H 


Water 
when  inflamed  produce  1 1 


N 

0 

0 

Hence  the  composition  of  the  binoxide  of  nitrogen  is 
Atoms.      Atomic  weight, 
or.  Oxygen    2        =        16 
Nitrogen  1        =^        14 

30  Atomic  weight  of  Binoxide. 
We  have  already  deduced  the  specific  gravity  of  the  binoxide  by  one  form  of  calcula- 
tion.    We  may  check  that  result  by  adopting  another  form,  the  principles  of  which 
have  been  described  at  page  171. 

Specific  gravity    Atomic  weight    Specific  gravity 
of  hydrogen.        of  hinoxide.         of  binoxide. 

"^^^X      ,         «"       =       10396 

HYPONITROUS   ACID. 

Equivalent  or  atomic  weight      .         .         .         .38. 

History  and  Synonymes. — The  existence  of  this  compound  was  inferred  by  Gay 
Lussac,  who  concluded  from  his  experiments*  that  a  compound  of  nitrogen  and  oxygen 
exists  intermediate  between  binoxide  of  nitrogen  and  nitrous  acid.  He  mixed  binoxide 
of  nitrogen  and  oxygen  together,  in  tubes  standing  over  mercury,  and  containing  some 
concentrated  solution  of  potash,  and  found  that  under  these  circumstances  four  volumes 
of  binoxide  of  nitrogen  were  condensed  by  one  of  oxygen.  Now  four  volumes  of  the 
binoxide  contain  two  volumes  (equal  to  two  atoms)  of  nitrogen,  and  two  volumes  (equal 
to  four  atoms)  of  oxygen.  Add  to  these  one  volume  or  two  atoms  of  oxygen,  and  we 
•  **  Annates  de  Chim.  et  Phys.,"  I.,  899. 
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haye  a  compound  of  six  atoms  oxygen,  and  two  nitrogen ;  or,  halying  the  nmoberg, 
three  atoms  oxygen  and  one  of  nitrogen.  This  is  the  composition  of  hyponitnms  add. 
termed  by  Ghraham,  in  England,  and  the  greater  number  of  chemists  abroad,  azotous, 
or  nitrous  acid. 

Preparation, — The  most  convenient  method  of  generating  hyponitrous  acid  consists 
in  passing  through  a  U-tube — cooled  by  some  refrigerating  mixture,  such  as  ice  and 
snow— a  current  of  mixed  gas,  oomposed  of  binoxide  of  nitrogen  and  oxygen,  in  the 
theoretical  proportions  for  generating  hyponitrous  acid— namely,  four  Tolumes  of 
binoxide  of  nitrogen  and  one  volume  of  oxygen.  Hyponitrous  acid  condenses  in  the 
U-tube,  under  the  form  of  a  blue  liquor.  A  portion  of  nitrous  acid  is  also  produced 
during  this  operation ;  and  if  the  theoretical  amount  of  oxygen  gas  be  increased,  the 
quantity  of  nitric  acid  generated  is  still  more  considerable. 

Properties. — Hyponitrous  acid,  on  account  of  the  extreme  facility  with  which  it 
decomposes,  has  been  only  imperfectly  studied  free  and  unmixed  with  other  nitro- 
genous compounds.  Owing  to  this  facility  of  decomposition,  its  atomic  oar  eomhimog 
volumes,  and,  consequently,  its  specific  gravity,  are  tmknown.  Although  difficult  to 
procure  in  a  state  of  isolation,  hyponitrates  (combinations  of  hyponitrous  acid  with 
bases)  are  obtained  with  moderate  facility.  Hyponitrate  of  potash  is  one  of  the  most 
easily  prepared.  We  have  already  seen  that  nitric  and  chloric  acid,  also  nitrates  and 
chlorates,  are  respectively  similar ;  wc  have  also  seen  that  chlorate  of  potash,  subjected 
to  a  sufficient  amount  of  heat,  is  decomposed,  chloride  of  potassium  being  the  fixed  or 
solid  result,  and  oxygen  being  evolved.  Nitrate  of  potash  also  yields  oxygen  when 
similarly  treated ;  but  the  scheme  of  decomposition  is  different,  owing  to  the  want  of 
affinity  between  nitrogen  and  potassium.  If  nitrate  of  potash  be  cautiously  heated  in 
a  retort  of  green,  or  hard  German  white  glass,  pure  oxygen  is  evolved ;  if  the  heat  be, 
however,  increased,  then,  towards  the  latter  period  of  the  operation,  a  mixture  of 
nitrogen  with  oxygen  is  the  result.  During  the  period  when  oxygen  alone  is  evolved, 
the  decomposed  nitrate  of  potash  becomes  hyponitrite  of  potash ;  and  if  the  distillation 
be  cautiously  regulated,  stopping  it  before  the  evolution  of  nitrogen,  the  solid  matter 
remaining  in  tiie  retort  consists  chiefly  of  hyponitrite  of  pbtash.  Now,  inasmuch  as 
hyponitrite  of  potash  is  soluble  in  alcohol,  and  nitrate  of  potash  is  insoluble  in  that 
menstruum,  we  have  a  ready  means  of  separating  the  two.  Or  we  may  precipitate  the 
hyponitrous  acid  by  nitrate  of  silver,  with  the  oxide  of  which  metal  it  forms  a  white 
insoluble  compound. 

NITBOUS   ACID. 

Equivalent  or  atomic  weight    ....         46 
Atomic  or  combining  size        .        .        .        •    I       I 


ic  gravity 1593 

SynonyfMi. — Hypoazotic  or  hyponitric  acid. 

Preparation. — It  has  already  been  remarked  that  when  binoxide  of  nitrogen  is 
transmitted  through  concentrated  nitric  acid,  absorption  of  the  gas  takes  place,  accom- 
panied with  decomposition  of  a  portion  of  the  nitric  acid,  the  remaining  portion 
acquiring  a  rod  colour.  Nitric  acid  thus  affected  is  the  nitrous  acid  of  commerce.  In 
addition  to  the  artificial  process  of  manufacturing  it,  as  just  described,  it  is  frequently 
the  result  of  the  ordinary  process  of  manufacturing  aquafortis,  especially  towards  the 
end  of  that  operation.     If  aquafortis  of  this  kind  be  cautiously  distilled,  and  the 
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products  of  distillation  passed  through  a  U-tube,  maintained  cold  by  means  of  ice,  a 
considerable  amount  of  nitrous  acid  will  be  condensed ;  but  a  still  better  method  of 
preparing  it  consists  in  the  distillation,  in 
a  small  German  glass  retort,  of  the  salt 
nitrate  of  leady  previously  well  dried.  The 
retort  should  be  connected,  as  just  described, 
with  a  TJ-tube  recipient,  maintained  cool  by 
means  of  a  freezing  mixture. 

Properties. — An  orange-coloured  liquid, 
haying  a  density  of  1*42.  It  boils  at 
37'4**  Fah.,  and  solidifies  at  the  temperature 
of  —  TT^  Fah.  Its  vapour  is  intensely  red, 
and  has  a  density  or  specific  gravity  of  1*72. 
Although  the  specific  term  nitrous  and  is 
applied  to  this  compound,  yet  it  can  scarcely  be  considered  an  acid  in  the  strict 
logic  of  chemistry,  seeing  that  it  docs  not  combine  with  bases.  If  potash,  or  soda,  or 
basic  substances  generally,  be  brought  into  contact  with  it,  instead  of  directly  com- 
bining it  decomposes,  and  yields  a  mixture  of  hypwiitrite,  and  nitrate  of  the  base. 
Hence  some  chemists  regard  it  as  a  combination  of  nitric  with  hyponitrous  acids ;  or  as 
isomeric*  with  monohydrate  of  nitric  acid,  the  one  atom  of  water  in  which  has  been 
replaced  by  an  atom  of  hyponitric  acid.  In  point  of  fact,  nitrous  acid  is  readily 
decomposed  by  contact  with  warm  water,  hydrated  nitric  acid  and  hyponitrous  acid 
being  the  results.  Nitrous  acid  is  so  far  from  being  really  an  acid  that  it  acts  the  part 
of  a  weak  base  to  many  acid  bodies.  For  instance,  it  may  be  caused,  by  a  peculiar 
treatment,  to  combine  with  sulphuric  acid. 

Crombiiuitioas  of  H3rdzogen  with  Nitsogen.— It  is  probable  that  hydrogen 
and  nitrogen  unite  in  four  different  ratios,  giving  rise  to  four  distinct  bodies,  as 
follotrs  :-^ 

Imidogen  .        .        .        .    NH  |  Ammonia  ....    NII3 
Amidogen         .        .        .     NHg  |  Ammonium       ...    NH4 

The  existence  of  all,  except  aminonia,  however,  is  hypothetical,  neither  of  them  being 
capable  of  isolation.    Ammonia  will  first  claim  our  attention. 


Equivalent  or  atomic  weight 
Atomic  size 
Specific  gravity 


17 


I 
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Histwry  »nd  Sf/notttftnes. — The  knowledge  of  ammonia  as  a  separate  agent  belongs 
to  a  period  of  modem  chemistry ;  but  certain  of  its  combinations,  especially  the  hydro- 
chl(»rate  (sal-ammoniac),  were  known  at  a  period  of  very  high  antiquity.  Ammonia 
was  formerly  denominated  the  volatile  alkali — a  name  which  is  stiU  occaaianally 
employed. 

Preparation. — By  applying  heat  to  a  mixture  of  one  part  pulverized  sal-ammoniac 
and  two  parts  quicklime :  both  by  weight.  The  operation  may  be  conducted  in  a 
glass  retort,  or  flask,  and  the  resulting  ammonia  (a  gas),  if  required  absolutely  free 
from  atmospheric  air,  must  be  collected  over  mercury. 

•  t^os  equal,  fxtpos  part,  haying  an  equal  number  of  parts. 
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The  decomposition  is  as  follows : — 

IIydrochlorateof(^°>°^<>^'»    '     '        /^r'.'    '     '    ^"^^ 
Ammonia       1  Hydrochloric  acid  )  ^^^^ 


(  Chlorine 


Lime 


r  Oxygen - 
I  Calcium  - 


Water 

Chloride  of  Calcium 


Or  in  chemical  symbolic  notation  thus  : — 

NH3  HCl  +  CaO  =  NH3  +  CaCl  +  HO. 

If  the  admixture  of  a  slight  portion  of  atmospheric  air  be  of  no  consequence,  the 
process  of  dkplae&nMni^  as  it  is  termed,  may  bo  had  recourse  to.  The  operation  of 
displacement  is  one  of  the  most  common ;  not,  however,  as  applied  to  two  g^ases.  The 
act  of  pouring  fluid  into  a  cup  or  bottle  is  ono  of  displacement,  atmospHeric  air  being 
displaced  by  the  water  or  other  liquid.  In  certain  cases  this  operation  admits  of  being 
advantageously  applied  to  the  collection  of  gases,  as,  for  example,  in  the  present 
instance.  Ammonia,  in  consequence  of  its  rapid  absorption  by  water,  does  not  admit 
of  collection  over  that  liquid,  and  the  use  of  mercury  is  inconvenient  where  large 
volumes  of  gas  are  concerned.  Taking  advantage,  therefore,  of  the  fact  that  the  specific 
gravity  of  ammonia  is  something  more  than  half  the  specific  gravity  of  atmospheric 
air,  we  may,  by  careful  manipulation,  displace  tho  latter  by  the  former,  without  giving 
rise  to  any  considerable  amount  of  admixture.  It  is  evident,  however,  that  the  usual 
condition  of  transference  must  be  reversed,  the  receiving  jar  being  placed  mouth 
downwai'd,  as  indicated  in  the  annexed  cut. 

The  process  of  displacement  only  succeeds   when  the   gas   is   of   stich  nature 

as  to  afford  physical  indica- 
tions  of  its  overflow.  This  is 
eminently  the  case  with  ammimiB, 
which  not  only  has  a  powerful 
odoiu*,  but  which  gives  rise  to  dense 
white  fiimes  of  sal-ammoniac,  when 
a  glass  rod,  previously  dipped  in 
hydrochloric  acid,  is  brought  into 
contact  with  it.  So  soon,  therefore, 
as  the  overflow  of  ammonia  is  indi- 
cated by  this  test,  the  delivery  tube 
is  to  be  withdrawn,  and  the  mouth 
of  the  bottle  occluded  with  an  accu- 
rately-fitting greased  glass  valve. 
Properties — Ammonia,  as  we  have  just  recognized,  is  an  invisible  gas,  having  a  weU 
known  puugent  odour.  Its  density  is  0*597  (by  actual  weighing) .  Ammonia  is  a  powerful 
alkali ;  and  being  the  first  alkali  that  we  have  occasion  to  notice,  this  will  be  the  fitting 
opportunity  for  describing  the  properties  of  an  alkali  generally.  The  most  generic  pro- 
perty of  an  alkali — the  property  common  to  all — is  that  of  restoring  litmus-paper  red- 
dened by  an  acid  to  its  original  blue,  and  of  changing  to  brown  a  slip  of  yellow  turmeric 
paper.  If  a  slip  of  either  of  these  papers  acqiiire  its  original  colour  by  the  application 
of  heat,  the  alkali  which  effected  the  change  must  have  been  volatile,  and,  for  all 
practical  purposes,  it  maybe  considered  ammonia;  nevertheless,  ammonia  is  not,  as 
was  once  imagined,  tho  only  volatile  alkali :  conia,  the  active  principle  of  hemlock,  is 
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another ;  and  others,  though  very  rai'o,  are  known  to  the  organic  chemist.  With 
respect  to  the  reddened  litmus-paper,  its  preparation  is  a  matter  of  some  delicacy.  The 
slip  should  not  be  reddened  by  immersion  in  an  acid,  however  weak  the  latter  may  be. 
It  should  be  held  for  a  few  instants  over  a  portion  of  some  volatile  acid,  hydrochloric 
acid  being  probably  better  adapted  to  this  end  than  any  other.  Ammonia,  like  all 
other  alkalies,  is  a  powerful  baaey  a  term  which  wo  have  scarcely  had  occasion  to  use 
hitherto,  and  which  requires,  therefore,  a  few  words  of  comment.  If  wo  could 
annihilate  the  chemical  discoveries  and  doctrines  of  the  last  five-and-thii-ty  or  forty 
years,  and  revive  the  theoretic  views  of  Lavoisier  in  all  their  pride,  their  simplicity, 
and  their  fallacy,  we  might  discuss  tho  word  base  in  a  very  summary  manner,  simply 
defining  it  as  that  which  by  union  with  an  aeid  forma  a  salt.  This  statement  by  no 
means  satisfies  the  requisitions  of  modem  chemical  knowledge ;  yet,  despite  its  partial 
inaccuracy,  it  is  one  to  which  even  the  educated  chemist  clings  with  pertinacity,  and 
it  is  one,  therefore,  which  tho  young  chemist  may  provisionally  adopt,  until  starting 
from  the  contemplation  of  hydrochloric  and  the  other  hydracids,  he  finds  the  summary- 
definitions  of  Lavoisicrian  celebrity  to  bo  inapplicable.  For  the  present,  the  learner 
cannot  do  better  than  to  assume  that  a  base  in  chemical  language  is  that  which  by 
union  with  an  acid  forms  a  salt.  Thus,  sulphuric  acid,  combined  with  ammonia  as 
base,  forms  sulpha^^  of  ammonia,  sulphurotM  acid  sulpht/^  of  ammonia,  hydrochlork; 
acid  hydrochlora/0  of  ammonia,  and  so  forth. 

Ammonia  is  absorbed  by  water  completely,  and  with  extreme  rapidity ;  hence  the 
impossibility  of  collecting  it  over  a  water  pneumatic  trough.  This  property  also  will 
enable  the  operator  to  determine  whether  his  process  of  collection  by  displacement  has 
been  successfully  performed.  If  the  receiving  bottle,  when  immersed  mouth-downwards 
in  water  and  agitated,  speedily  fill  with  water,  the  original  gas  was  not  mixed  with 
atmospheric  air ;  if,  on  the  contrary,  a  certain  volume  remains,  this  is  a  sign  that  the 
collected  gas  was  not  pure. 

A  jet  of  ammonia  is  not  capable  of  burning  in  atmospheric  air ;  but  when  injected 
into  oxygen  gas,  and  ignited,  it  bums  with  a  pale  yellow  flame. 

Analysis  of  Ammonia, — By  transmitting  ammonia  through  a  porcelain  tube  heated 
to  redness,  partial  decomposition  ensues ;  and  by  repeating  the  operation  a  sufficient 
number  of  times,  complete  decomposition  may  be  effected.  The  presence  of  a  few 
clippings  of  platinum  or  copper  in  the  tube  materially  facilitates  the  change.  The 
metals  themselves  are  not  affected,  and  merely  promote  the  decomposition  of  ammonia 
by  what  is  termed  catalysis.*  The  complete  decomposition  of  ammonia  is  effected  by 
transmitting  it  over  quicklime  in  a  tube  heated  below  redness.  If  the  degree  of  heat 
be  more  considerable,  complete  decomposition  does  not  ensue.  Ammonia  is  also  decom- 
posed by  transmitting  through  it  a  series  of  electric  sparks.  If  the  operation  be 
conducted  in  a  graduated  tube,  the  gas  will  be .  seen  to  continue  expanding  a  little  for 
each  successive  electric  spark,  until  it  at  last  occupies  double  the  space  of  the  original 
ammonia.  The  gas  thus  produced  will,  on  examination,  be  found  a  mixture  of  hydrogen 
and  nitrogen,  in  the  ratio  of  three  hydrogen  to  one  nitrogen  by  volume.  Now,  a 
volume  of  hydrogen  and  of  nitrogen  correspond  with  an  atom  of  each,  whence  the 
deduction  U  arrived  at  that  ammonia  must  be  a  compound  of  three  atoms  or  equivalents 
of  hydrogen  and  one  of  nitrogen.  Lastly,  the  atomic  volume  of  ammonia  may  be 
deduced  from  the  following  consideration : — The  Qperation  of  transmitting  electric 
sparks  doubled  the  volume  of  gaseous  matter :   hence,  calling  the  final  result  four 

*  See  page  288. 
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Tolumes,  the  tmmonia  originally  pivsexit  must  liaye  occupied  two,  and  the  titonnc  or 


combining  yolumc  of  ammonia  will  be  thus  indicated —     I      I      I 


Ammonia  at  50"*  Fah.  liquifies  under  a  prcssoro  of  six  and  a  half  atmospheres ;  and 
at  the  very  low  temperature  of  — 113'  Fah.  the  liquid  solidifies. 

Aqtteout  Solution  of  Ammonia:  Hartshorn.  —  Under  the  designatiooa,  liquid 
ammonia,  liquor  ammonia?,  and  hartshorn,  a  highly  pungent  fluid  is  sold.  It  is  not 
liquid  ammonia,  however,  but  a  solution  of  ammoniacal  gas  in  water.  This  compound  : 
may  be  prepared  either  by  transmitting  gaseous  ammonia  through  a  series  of  Woulfes  i 
bottles  containing  water,  or  by  distilling  a  mixture  of  sal-ammoniac  lime  and  water,  ; 
instead  of  the  two  former  dry.  Water  can  dissolve  nearly  half  its  weight,  or  670  times  ' 
its  volume,  of  ammoniacal  gas. 

Formation  of  Ammonia, — ^Although  a  compound  of  hydrogen  and  nitrogen  in  known  | 
proportions,  ammonia  cannot  be  formed  by  the  direct  admixture  of  these  elements.    If^  ' 
however,  a  series  of  electric  sparks  be  transmitted  through  a  gaseous  mixture  of  i 
hydrogen  and  nitrogen,  small  quantities  of  ammonia  are  formed ;  if  an  alkaline  base  be  | 
present  the  formation  of  ammonia  by  this  treatment  proceeds  the  more  rapidly.    This 
method  of  procuring  ammonia,  though  totally  unimportant  as  a  means  of  producing  the  j 
gas  artificially,  possesses  great  interest  for  the  light  it  throws  upon  the  source  of 
ammonia  naturally  existing  in  the  atmosphere,  and  which  is  so  necessary  to  the 
existence  of  many  growing  vegetables. 

In  addition  to  the  gencration  of  ammonia  by  electric  sparks  transmitted  throog^ 
hydrogen  and  nitrogen,  there  are  several  cases  in  which  small  quantities  of  ammonia 
result  firom  the  mutual  reaction  of  hydrogen  and  nitrogen  whilst  yet  in  the  naaend 
state.  By  the  expression  nascent  is  meant  to  be  indicated  the  moment  at  whidK  any 
particular  element  or  substance  is  generated  or  developed.  Take,  for  instance,  Ae  ease 
of  water :  if  wc  bring  the  acting  terminals  of  a  voltaic  combination  into  a  Tsesd  con- 
taining it,  the  water  is  decomposed  into  the  two  elements,  oxygen  and  hydrogen.  Whilst 
combined  and  forming  water,  the  oxygen  and  hydrogen  were  in  the  condition  of  liquidity : 
when  separated,  they  both  exist  in  the  condition  of  gas ;  and  there  elearly  nanst  be  an 
instant  of  time  at  which  the  liquid  oxygen  and  hydrogen  cease  to  be  liquid^  and  assume 
the  gaseous  form :  this  is  said  to  be  the  nascent  period. 

Chemists  are  aware  of  many  instances  of  combination  between  difBerent  bodiss  at 
this  nascent  period,  which  cannot  otherwise  be  made  to  unite,  or  which  unite  widi  ktu 
£icility.  Hydrogen  and  nitrogen  are  in  this  category.  When  mixed  U^^ethcr  in  their 
gaseous  state,  their  union  is  accomplished  with  difficulty  by  the  passage  of  snoeesave 
eleotrio  apaiks ;  but  if  brought  into  contact  when  both  are  nascent,  the  formation  of 
^Tntwmiim  takes  place  spontaneously.  Thus,  for  instance,  a  considerable  amount  of 
ammonia  is  generated  by  acting  upon  metallio  zinc  with  nitric  acid,  moderately  diluted. 
The  explanation  is  as  follows : — No  metal  ean  be  dissolved  in  on  acid  until  tlie  metal  is 
oxidixMl :  hence,  when  sine  is  added  to  aquafortis,  with  the  object  of  dissolving  the 
sine,  the  latter  must  acquire  oxygen  from  some  source  before  the  acid  can  dissolve  it. 
The  source  will  depend  upon  the  condition  of  dilution  of  the  aquafortis :  if  very  dilute, 
the  aino  supplies  itself  with  oxygen  from  the  diluting  water — ^hydrogen,  of  ooane, 
being  liberated.  The  operation,  in  point  of  fact,  is  the  precise  counterpart  of  the 
production  of  hydrogen  by  the  action  of  dilute  sulphuric  acid  on  zinc,  and  whidi  has 
been  explained  at  page  289.  If  the  aquafortis  be  concentrated,  the  sine  is  equally 
oxidised  and  dissolved ;  but  the  oxygen  in  this  case  results  from  a  portion  of  nitric  acid 
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decomposed,  binoxide  of  nitrogen  being  liberated.  It  is  possible,  however,  to  employ 
aquafortis  diluted  to  sucb  extent  that  a  portion  of  its  nitric  acid  and  a  portion  of  its 
water  shall  be  simultaneously  decomposed.  Under  these  circumstances,  binoxide  of 
nitrogen  and  hydrogen,  exercising  mutual  action  whilst  yet  in  a  nascent  state,  generate 
ammonia ;  which,  combining  with  a  portion  of  nitric  acid  yet  undecomposed,  gives  rise 
to  nitrate  of  ammonia. 

"We  are  apt  to  regard  these  productions  of  small  quantities  of  ammonia  as  devoid  of 
any  practical  interest,  so  far  as  the  development  of  ammonia  in  large  quantities  is 
concerned ;  but  by  far  more  correct  is  it  to  remember  that  the  production  of  ammonia 
by  the  combination  of  nascent  elements  is  the  grandest  of  all  sources — the  only  one,  . 
indeed,  which  has  any  practical  value — the  only  one  which  the  manufacturing  chemist 
adopts  in  procuring  his  store  of  ammonia. 

This  statement  may  well  seem  contradictory.  A  few  pages  back  I  have  described 
a  process  for  obtaining  ammonia  which  seems  to  have  no  affinity  with  the  combination 
of  nascent  elements.  It  is  an  ordinary  case  of  double  decomposition,  resulting  in  the 
farmatiott  of  chloride  of  calcium,  and  the  expulsion  of  ammonia ;  hydrochlorate  of 
ammonia  and  quicklime  being  the  original  substances,  mixed  together.  But  the 
question  is,  how  was  the  hydrochlorate  of  ammonia  originally  obtained  ?  Wo  shall 
find  it  to  have  been  obtained  from  a  source  involving  the  formation  of  ammonia,  by 
the  combination  of  nascent  elements.  The  two  chief  sources  of  ammonia  in  commerce, 
if  not  indeed  Uie  only  ones,  are  from  the  destructive  distillation  of  animal  matters,  and 
from  the  destructive  distillation  of  coal. 

If  a  strip  of  ibather,  parohment,  bone,  flesh,  silk,  or  almost  any  animal  substance, 
except  fat,  be  placed  in  a  test  tube,  and  heat  applied,  ammonia  will  be  generated  as 
one  of  the  results.  As  the  smell  of  these  animal  products  under  the  influence  of  heat  is 
exceedingly  disagreeable,  perhaps  the  specific  odour  of  ammonia  may  not  be  recog- 
nisable ;  but  its  existence  may  be  readily  demonstrated  by  means  of  appropriate  tests. 
A  strip  of  turmeric,  or  reddened  litmus-paper,  will  be  affected  with  the  peculiar  signs  of 
alkaline  presence,  and  the  discoloration,  instead  of  being  permanent,  will  be  readily 
dissipated  by  heat ;  consequently  the  alkali  must  be  volatile,  and  may  be  considered 
as  ammonia.  Again,  a  rod  of  glass,  previously  moistened  with  hydrochloric  acid,  will 
afibrd  dense  white  Aimes  of  hydrochkonite  of  ammonia,  if  held  near  the  mouth  of  the 
test  tube  in  which  the  destructive  distillatioa  is  effected.  Before  the  prevalence  of 
gas  iliumiiiatioB,  all  the  ammonia  which  ibund  its  way  into  commerce  was  produced 
from  the  condoised  liquor  of  animal  matters  subjected  to  deetmotive  distillation.  The 
liquor  in  question  was  teohnieally  known  as  bone  tpirit  It  contains  ammonia  chiefly 
in  tlie  state  of  carbonate,  mixed  with  numerous  impurities.  From  these  it  was 
separated  by  appropriate  treatment,  which  belongs  rather  to  the  department  of  applied 
c&emiBtry,  than  to  the  scope  of  the  present  treatise. 

A  consideration  of  the  process  of  making  ammonia  by  the  distillation  of  animal 
ptoduots,  throws  some  light  upon  the  origin  of  the  word  hartshorn.  If  hartshorn 
shavings  be  subjected  to  destructive  distiUatitm,  they  will  evidently  yield  ammonia. 
In  this  respect  tiiey  are  neither  better  nor  worse  than  thousands  of  other  animal  bodies ; 
but  the  horn  of  deer  acquired  a  celebrity  as  an  ammoniacal  source  at  a  very  early 
period  of  chemical  history— wherefore,  it  is  not  easy  to  say.  By  &r  the  most  con- 
siderable source  of  ammonia  at  present  is  a  liquor  which  condenses  in  gas  mains,  and 
which,  in  addition  to  ammonia,  contains  a  multiplicity  of  other  substances.  The 
immediate  point  lor  our  consideration  is  this : — the  whole  of  the  ammonia  found  in 
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these  products  has  been  generated  by  tho  contact  of  hydrogen  with  nitrogen  during  tho 
process  of  destructive  distillation. 

Remembering  the  composition  of  ammonia,  the  result  of  union  between  hydrogen 
and  nitrogen,  it  will  be  evident  that  this  material  is  only  susceptible  of  being  yielded 
by  nitrogenous  substances.  Hence  it  is  that  animal  bodies,  owing  to  their  richness  in 
nitrogen,  yield  far  more  ammonia  than  vegetable  substances — at  one  time,  indeed*  it 
was  customary  to  speak  of  vegetable  bodies  as  being  totally  deficient  of  nitrogen.  This, 
I  need  scarcely  remark,  was  a  fallacy ;  but  the  implicit  beliefs  of  a  past  age  are  seldom 
devoid  of  some  foundation,  and  may  continue  to  be  accepted  as  broad  marks  of 
distinction  between  species  long  after  the  belief  in  the  universality  of  the  distinction 
has  passed  away.  As  a  general  rale,  animal  bodies  contain  nitrogen,  and  vegetable 
bodies  do  not ;  yet  enormous  quantities  of  nitrogen  are  locked  up  in  the  vegetable 
kingdom.  Pit  coal,  indeed,  is  a  vegetable  production ;  and  from  pit  coal  do  we  now 
obtain  the  largest  quantity  of  our  ammonia.  In  the  vegetable  kingdom  certain  natural 
families  are  remarkable  for  the  large  quantities  of  ammonia  which  they  contain.  The 
natural  families  Cruciferay  Fungaee<Sy  and  Solanaceay  may  be  cited  as  instances ;  and 
every  person  is  aware  of  the  disagreeable  quasi-animolized  odour  yielded  by  the 
decomposition  of  these.  The  disagreeable  smell  of  water  in  which  cabbages  have  been 
boiled  is  proverbial ;  and  cabbages  belong  to  the  natural  order  Ct'uciferdBy  ox  Bretssieaeete. 
Again,  mushrooms  {Fungacea)  so  nearly  approach  the  characteristics  of  animal  bodies, 
that  when  undergoing  decomposition,  even  flies  arc  deceived,  and  select  them  as  foci 
for  the  deposition  of  eggs.  Any  tobacco  smoker  may  readily  convince  himself  of  the 
presence  of  ammonia  in  the  smoke  of  his  favourite  herb.  He  has  only  to  hold  a  strip 
of  test-paper  in  the  smoke,  and  the  demonstration  is  more  than  half  made.  He  may 
complete  the  demonstration  by  substituting  for  test-paper  a  glass  rod  dipped  in  hydro- 
chloric acid ;  or  still  more  affirmatively  by  passing  tobacco  smoke,  by  means  of  a 
glass  tube,  into  a  dilute  acid,  when  the  peculiar  ammoniacal  combination  of  that  acid 
will  be  formed  in  considerable  quantities. 

Connected  with  the  spontaneous  formation  of  ammonia,  there  is  a  remarkable  circum- 
stance which  has  already  been  indicated, — the  presence  of  nitrate  of  anmionia  in  rain- 
water. The  sources,  both  of  this  ammonia  and  its  associated  nitric  acid,  may  be  referred 
to  electric  and  atmospheric  agencies ;  though  doubtless  these  constitute  but  a  fraction  of 
the  causes  in  operation.  Notwithstanding  the  diametrically  opposed  chemical  natures 
of  ammonia  and  nitric  acid,  there  is  reason  to  believe  that  in  certain  natural  operations 
tho  latter  may  be  instrumental  in  generating  the  former.  There  is  a  beautiful  experi- 
ment which  illustrates  so  remarkably  this  point,  that  I  shall  describe  it.  The  experi- 
ment is  as  follows : — First  take  a  few  shreds  of  asbestos,  saturate  them  with  solution  of 
chloride  of  platinum,  dry  them,  and  ignite  to  redness. '  By  this  operation  the  chloride 
of  platinum  will  be  discomposed,  leaving  a  film  of  metallic  platinum  in  the  minute 
interstices  of  tlie  asbestos.  The  function  of  this  platinized  asbestos  is  similar  to  that 
of  spongy  platinum  and  platinum  black,  already  mentioned  (p.  294).  Next  prepare  an 
apparatus  of  the  following  description: — 

A  gas  jar  is  supplied  with  a  stopcock,  and  a  flexible  tube  in  connection,  by  its  other 
extremity,  with  a  glass  tube,  blown  into  a  bulb  towards  the  middle,  and  terminating  in 
a  jet  at  its  furthest  extremity.  Into  the  jar  is  transmitted  a  gaseous  mixture  of  two 
volumes  binoxide  of  nitrogen,  and  five  volumes  hydrogen  :  into  the  bulb  is  placed  the 
platinized  asbestos  just  described.  As  the  pneumatic  trough  contains  water,  it  follows 
that  by  depressing  the  jar,  a  flow  of  mixed  gas  will  be  determined  along  the  tube  and  over 
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the  platinized  asbestos.  If  this  be  done  without  the  application  of  any  heat  to  the  bulb 
containing  the  platinized  asbestos,  the  terminal  jet  will  be  seen  to  liberate  copious 
ruddy  fames  of  hyponitrous,  nitrous, 
and  perhaps  nitric  acid.  They  aro 
evident  enough  by  mere  inspection; 
but  for  the  sake  of  more  complete 
demonstration,  they  may  be  caused  to 
impinge  against  a  piece  of  litmus- 
paper,  which  they  will  immediately 
colour  red,  and  thus  demonstrate  their 
acid  character.  But  if  whilst  the  cur- 
rent of  gas  is  passing  a  spirit-lamp  flame 
be  held  under  the  bulb,  decomposition 
of  the  binoxide  will  ensue,  its  nitro- 
gen uniting  with  hydrogen  to  consti- 
tute ammonia,  the  presence  of  which  ~  —  ^"^^^-— ^^^ 
^lill  be  evidenced  by  reconverting  the  reddened  litmus-paper  to  its  original  blue  colour. 
There  is  great  probability  that  some  effect,  analogous  if  not  identicsd  with  this,  takes 
place  in  certain  operations  of  nature. 

But  the  mutual  affinities  between  hydi-ogen  with  oxygen,  and  nitrogen  with  oxygen, 
are  so  nicely  balanced  that  the  existence  of  ammonia,  or  of  nitric  acid,  will  be  deter- 
mined by  very  slight  causes.  I  have  shown  how  a  mixture  of  binoxide  of  nitrogen 
with  hydrogen  can  generate  ammonia ;  the  converse  experiment  may  now  be  described, 
which  is  as  follows :— If  a  mixture  of  sal-ammoniac  and  quicklime  be  placed  in  a  retort, 
the  retort  connected  with  an  iron  tube  containing  peroxide  of  manganese,  aud  heated 
to  redness  by  passing  through  a  furnace,  we  shall,  on  applying  heat  to  the  retort,  and 
thereby  forcing  ammonia  through  the  peroxide,  generate  fumes  of  hyponitrous",  nitrous, 
and  nitric  acid.  The  theory  of  this  result  is  referable  to  the  evolution  of  oxygen  by  the 
binoxide  of  manganese,  and  the  combination  of  that  oxygen  with  the  nitrogen  of  the 
ammonia. 

Quantitative  Estimation  of  Ammonia. — This  may  be  roughly  effected  by  causing  it  to 
miite  with  a  base,  crystallizing  the  resulting  salt,  weighing,  and  calculating  the  amount 
of  ammonia  from  the  datum  of  the  known  composition  of  the  salt.  Far  more  correct, 
however,  is  the  method  of  throwing  it  down  in  the  state  of  cUoroplatinate  of  ammonia, 
by  adding  a  solution  of  chloride  of  platinum  to  a  solution  of  ammonia  in  hydrochloric 
acid.  The  chloroplatinate  of  ammonia  thus  generated  is  a  yellow  salt,  not  very  soluble 
in  water,  but  almost  completely  insoluble  in  a  mixture  of  ether  and  alcohol.  If,  there- 
fore, a  liquid,  or  a  gas  containing  ammonia,  be  brought  into  contact  with  hydrochloric 
acid,  combination  immediately  ensues,  hydrochloratc  of  ammonia  being  the  result ; 
and  if  the  liquor  containing  it  be  evaporated  almost  to  dryness,  and  a  mixture  of  alcohol 
and  ether  added  to  the  residue,  the  chloroplatinate  of  ammonia  is  rendered  insoluble, 
and  being  collected  on  a  tared  filter,  its  weight  may  be  estimated.  Knowing  this 
weight,  the  chemist,  by  a  simple  calculation,  is  informed  concerning  the  amount  of 
ammonia  originally  present ;  and  not  the  ammonia  merely,  but  the  nitrogen  consti- 
tuting ammonia.  Thus  it  will  be  seen  the  chloroplatinate  of  ammonia  is,  in  point  of 
fact,  a  quantitative  test  of  the  presence  of  nitrogen ;  it  is,  indeed,  generally  employed 
for  this  purpose  in  cases  of  organic  analysis,  as  will  appear  in  the  sequel  when  organic 
analysis  shall  be  discussed.    It  remains  now  to  state  that  every  100  parts  of  the  chloro- 
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platmate  correipond  with  7*692  of  amnHwiift,  and  6'334  of  nitrogen.  The  emplojiMiit 
of  this,  as  well  as  any  other  re-agent  for  the  purposes  of  chemical  analysis,  iiiTblTeB  many 
precautions ;  these  I  have  not  hero  mentioned,  because  chemical  analyats  is  not  tbe 
object  of  the  present  work.  The  student  will  do  well  to  reflect  on  Hie  appareatily  tor- 
tuous and  indirect  method  of  estimating  the  quantities  of  ammonia  or  of  nitrogen  present 
by  means  of  the  formation  of  the  platinum  compound.  He  may  perhi^  think  that  it 
would  be  far  more  rational  to  collect  the  ammonia  or  the  nitrogen  respeetiyely,  and  have 
them  well  before  the  senses.  Not  so :  in  the  earlier  days  of  organic  chemistry,  ohanistB 
were  in  the  habit  of  collecting  the  nitrogen  and  estimating  it  in  this  condition ;  but  the 
operation  was  so  difficult,  was  attended  by  so  many  disadTantages,  that  so  soon  as 
Warrentrap  and  Will  discoyered  the  indirect  process  of  estimation  just,  described,  it 
was  hailed  by  chemists  as  a  great  boon,  and  on  all  practicable  oocasions  adopted.  I 
shall  conclude  these  reaiaiks  by  appending  a  representation  of  the  apparatus  in  which 

the  absorption  of  ammonia  by  hydro- 
chloric aoid  is  usually  adopted,  anterior 
to  its  precipitation  by  chloride  of  plati- 
num. A  glance  at  the  construction  of 
the  instrument  will  demonstrate  its  i^pli- 
cability  to  this  purpose.  Ckmsiating  of 
three  bulbed  expansions  as  it  does,  the 
gas,  during  its  transmission,  is  certain 
to  be  brought  well  into  contaot  with 
the  hydrochloric  acid,  the  ohief  object 
held  in  yiew;  and  when  the  abaoip- 
tion  is  complete,  the  fluid  may  bexeadily 
transferred  to  any  oonyenient  yessel  in  which  to  effect  the  precipitation. 

Imidogen,  AmidoseB,  and  Amnw^nlnni. — We  are  acquainted  with  neither 
of  these  bodies  in  a  separate  state — their  existence  is  altogether  hypotheticil; 
there  are  good  reasons,  howeyer,  for  aafluming  the  existence  of  the  two  latter, 
at  least. 

Anndogen. — If  potassium  or  eodiun  be  heated  in  ammoniacal  gas,  a  solid  compound 
is  formed ;  this  compound,  howeyer,  is  not  one  of  ammonia  and  potassium,  or  sodiuai, 
for  during  the  combination  one-third  of  the  hydrogen  existing  in  amTaonia  escapes. 
It  must,  therefore,  be  composed  of  K  ot  N  (the  symbols  for  potassium  and  sodium), 
united  with  NH» ;  and  to  this  hypothetical  body  NH^  the  designation  of  amidogen 
has  been  applied.  The  preceding  is  only  one  of  seyeral  cases  inyolying  the  pEoductkai 
of  amidogen,  and  the  formation  of  compounds  termed  amides. 

•^  Ammonium, — ^Although  this  body  has  neyer  been  isolated,  the  arguments  in  &yoiir 
of  its  existence  are  yery  strong.  Ammonium  is  a  compound  of  hydrogen  and  nitrogen, 
as  we  haye  seen ;  but  its  name  should  be  indicatiye  of  a  metallic  character,  if  the 
analogies  of  ordinary  nomenclature  are  to  be  respected;  and,  indeed,  ammfmium.  acts  so 
like  a  metal  that,  notwithstanding  its  compound  character,  we  can  hardly  refuse  to 
consider  it  as  such.  The  most  direct  eyidence  in  fayour  of  the  existence  <^  ammooiasi 
is  that  of  the  ammonium  amalgam,  as  it  is  called.  The  easiest  method  of  forming  OhB 
ammonium  ^m^lgftTn  ig  the  following : — Alloy  mercury,  with  one  per  cent,  of  sodium ; 
pour  the  alloy  into  a  cold  saturated  solution  of  sal-ammoniac, — ^hydrochlorate  of 
ammonia,  as  we  haye  already  called  it,  but  which  shall  now  be  denominated  by  its 
more  modem  name,  chloride  of  ammonium.     The  alloy  thus  treated  prodigioualy 
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expandfl,  aometimea  at  much  aa  two  hundred  timea  ita  original  size,  still  retaining  its 
soliditj,  and  acquiring  the  consistence  of  butter.  Meantime  its  metallic  lustre  is  not 
in  the  least  impaired,  and  it  augments  in  weight  If  wo  grant  that  the  mercury  has 
combined  with  a  metal,  and  formed  an  amalgam,  the  explanation  is  easy;  but 
granting  this,  we  must  assume  the  existence  of  a  metal  composed  of  NII4,  a  somewhat 
startling  assumption,  seeing  that  ever  since  the  days  of  alchemy  metals  have  been  set 
down  as  simple  undecomposable  bodies. 

Whether  the  hypothetical  compound  ammonium: — ^metal  or  no  metal — can  exist 
except  in  combination,  is  unknown.  Hitherto  chemists  have  failed  to  accomplish  its 
iflolatioa.  Its  theoretical  existence,  however,  is  fully  admitted ;  and  chemists  speak 
of  chloride  of  ammonium  with  the  same  confidence  as  when  speaking  of  chloride  of 
potassium  or  sodium. 

SULPHUR. 

Atomic  weight 16 

Atomic  volume  ^th  at 900' 

Atomic  volume  ^  or  □  at '  1800' 

Specific  gravity  of  solid 1-98 

Do.  of  vapour  (at  900°) 6684 

Do.  (atl800») 2214 

General  Notice, — ^The  natural  history  of  the  element  under  consideration  differs 
from  the  natural  history  of  those  already  mentioned  in  one  important  particular.    It 
b  found  in  nature  uncombined,  or  native ;  large  depositions  of  sulphur,  almost  pure, 
occurring  in  Sicily  and  other  volcanic  regions.    A  far  larger  proportion,  however, 
occurs  in  combination  with  metals, — constituting  sulphurets,  as  these  compounds  are 
denominated,  or  perhaps   more    generally,  in  the   language  of  modem  chemistry, 
iulphidee.    And  now,  having  introduced  the  reader  to  a  new  denomination  of  chemical 
nomenclature,  we  must  pause  for  the  object  of  explaining  it,  seeing  that  our  pre- 
liminary consideration  of  chemical  names  was  but  slight,  and  that  the  explanation  of 
each  new  name  was  promised  to  be  made  as  the  necessity  for  learning  it  should  occur. 
The  terms  sulphuret  and  sulphide,  then,  are  synonymous  :  they  indicate  a  direct  com- 
bination of  sulphur  with  a  second  body ;  thus,  a  combination  of  sulphur  and  lead 
forma  the  sulphuret  or  sulphide  of  lead :  of  iron,  the  sulphuret  or  sulphide  of  iron,  and 
so  forth.    Frequently  it  is  desirable  that  the  name  should  indicate  the  exact  relation 
subsisting  between  the  sulphur  and  second  body,  in  any  given  sulphuret ;  this  is  done 
by  enlisting  into  our  service  the  prefixes,  proto^  sesguif  bi,  per^  &c.,  giving  rise  to 
the  terms  protosulphuret,  sesquisulphuret,  and  bisulphuret.  If  the  term  sulphtd^  occur, 
the  student  should  be  careful  in  discriminating  between  it  and  the  term  sulphif^.    The 
former  indicates  a  binary  compound  of  sulphur  with  a  second  body ;  whereas  the  latter 
designates  the  salt  resulting  from  the  combination  of  8ulphurot»  acid  with  a  base. 

To  resume  our  sketch  of  the  natural  history  of  sulphur,  not  only  does  it  exist 
native,  and  as  a  constituent  of  numerous  minerals,  but  it  enters  into  the  compo- 
sition of  many  vegetables,  and  perhaps  all  animal  tissues  and  animal  fluids.  The 
onion  or  lily  tribe  is  remarkable  for  the  amount  of  sulphur  which  its  members  contain ; 
80  is  the  natural  order  Brasaieacea.  Most  persons  will  have  remarked  how  speedily 
a  silver  spoon  blackens  if  immersed  in  the  mustard-pot :  this  blackness  is  indica- 
tive of  the  presence  of  sulphur.  "With  still  greater  rapidity  does  a  silver  spoon 
blacken  if  plunged  into  a  boiled  egg,  proving  the  existence  of  sulphur  there.    Silver 
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•nd  its  compouiidfl,  indeed,  are  good  tests  of  fho  presence  of  solphnr;  bat  lead  and  its 
combinations  aro  still  better.  A  solution  of  oxide  of  lead  in  caustic  potash  and  water 
(liquor  potasssR  of  pharmacists)  is  the  most  delicate  test  we  possess  for  €be  indication 
of  sulphur  in  organic  bodies.  If  a  bit  of  feather,  or  wool,  or  silk,  or  indeed  almost  anj- 
animal  body,  however  old  and  worn,  be  brought  into  contact  with  some  of  this  potash- 
]ond  solution  in  a  small  test*tube,  and  heat  applied,  a  dense  blackness  almost  imme- 
diately occurring  at  once  indicates  the  presence  of  sulphur. 

The  condition  of  sulphur  as  regards  aggregation  differs  finim  either  of  the  non- 
motallio  elements  already  discussed.  Under  ordinary  circumstances  of  temperature 
and  pressure  it  is  a  solid,  but  it  readily  fuses  into  a  liquid ;  and  if  the  heat  be  still 
further  increased,  the  liquid  expands  into  a  yapour  or  gas — for  in  the  strict  logic  of 
chomicnl  science  there  is  no  specific  difference  between  a  yapour  and  a  gas.  In  addition 
to  the  three  physical  conditions  as  abore,  this  element  is  subject  to  a  remarkable 
allotropic  condition,  to  be  described  hereafter. 

Sulphur  frequently  occurs  in  the  condition  of  an  amorphous  mass,  bat  it  may  be 
roadily  crystallized ;  and,  according  to  the  treatment  followed,  the  resulting  crystals 
may  belong  to  one  of  two  differcut  crystalline  systems.  The  prevalent  form  of  sulphur, 
made  to  crystallize  by  iUsion  and  slow  cooling,  is  on  oblique  prism,  with  rhombic  base 
— a  form  oharactcrissing  the  oblique  prismatic  system ;  but  if  sulphur  be  dissolved  in 
liquid  sulphuret  of  carbon,  and  the  solution  cautiously  evaporated,  regular  octohedral 
crystals  are  produced  with  rhombic  bases,  these  being  characteristic  of  the  right  square 
prismatic  system. 

Allotropic  condition  of  Sulphur. — ^Whon  describing  oxygen  at  page  286, 1  mentioned 
the  circumstance  of  its  assuming  a  second  condition,  to  which  the  term  ozone  had  been 
applied.  Sulphur  is  similarly  circumstanced:  'it  is  prone  to  assume  a  second  or 
allotropic  condition.  If  common  yellow  sulphur  be  heated  in  a  Florence  flask  it 
Bpoedily  melts,  becoming  converted  into  a  transparent  straw-coloured  liquid.  Still 
increasing  the  heat,  a  curious  phenomenon  is  observable :  the  transparent,  liquid,  almost 
colourless  fluid,  thickens  to  the  consistency  of  ti-eacle,  the  dark  colour  of  which  it  also 
assumes ;  it  then  solidifies  so  completely  that  the  flask  may  be  inverted  without  spilling 
its  contents.  Still  increasing  the  temperature,  the  darkened  sulphur  fuses  once  more ; 
but  the  fVisiMl  result  docs  not  lose  its  dark  colour.  The  physical  distinction  between 
onlinarj-  yellow  sulphur  and  the  same  element  in  its  second  or  allotropic  state  is  best 
recv^puizcil  by  pouring  some  in  each  condition  of  fusion  into  cold  water.  The  colourless 
fluid  yields  ordinary  yellow  sulphur,  but  the  coloured  treacly  mass  chills  into  a  matetial 
p«\^so88ing  very  much  the  aspect  of  india-rubber :  it  is  allotropic  sulphur.  The  tenacious 
u\a$s  thus  resulting  is  an  excellent  material  for  taking  impressions  from  coins  or  other 
rnisoil  surfiiees,  and  had  lone:  been  used  for  that  purpose  before  the  doctrine  of  allotropism 
had  Ihh^u  studiinl.  This  dm^trine  is  altoj^>ther  n^cent :  and  the  phenomena  which  it 
invostigatos  are  rotH^gnirablo  in  N-arious  suhstancos,  both  simple  and  compound.  As  to 
tlio  i"rt/i<»«*.V  of  those  soi»ond  conditions  of  existence,  nothing  satisfactory  is  known ; 
and  in  certain  ca^es  theory  even  is  unable  to  assume  a  plausible  explanation.  Had  the 
chemist  mcrt^ly  to  deal  with  allotrv^pic  conditions  of  compound  bodies,  theory  would 
«Mmo  tv>  his  aid:  ho  might  assume  the  oxistonce  of  a  fresh  arrangement  of  particles; 
but  in  cases  where  only  one  kind  of  particles  is  involved,  as  in  the  instances  of  sulphur 
and  of  phosphorus,  there  is  clearly  no  scope  for  assumptions  of  this  kind.  Not  only  is 
the  physical  appearance  of  allotn>pio  sulphur  different  from  those  of  the  oidiiutiy 
ntauriaU  but  its  chemical  relations  ar«  in  some  degree  also  different     For  example: 
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It  is  still  far  from  pure,  and 
The  next  stage  in  the  purify- 


its  fusing  point  is  different,  as  we  have  seen ;  and  it  ceases  to  be  soluble  in  bisulphuret 
of  oarbdi,  whereas  ordinary  sulphur  is  very  soluble  in  that  liquid. 

Fused  sulphur  is  vapourized  at  temperatures  of  about  550"*  or  600"  Fah.,  and  may 
then  be  readily  distilled.  This  treatment  is  adopted  in  order  to  obtain  the  material  pure, 
on  the  large  scale.  The  native  sulphur  of  Sicily,  and  other  volcanic  regions,  is  largely 
contaminated  with  non- volatile  earthy  bodies,  and  a  large  amount  of  volatile  impurities. 
The  first  rongb  process  of  purification  consists  in  exposing  the  sulphureous  materials  to  a 
temperature  above  the  fusing  point  of  sulphur.  The  latter  melts  and  collects  on  tho 
surface  of  the  mass,  whilst  the  earthy  bodies  sink  below.  The  fused  sulphur,  brought 
to  this  condition,  is  poured  off  and  allowed  to  consolidate, 
is  known  in  commerce  under  the  name  of  sulphur  vivwn, 
ing  operation  is  a  rough  dis- 
tillatoiy  process,  conducted  by 
means  of  earthenware  pots  ar- 
ranged in  pairs—one  serving 
as  retort  or  distillatory  ves- 
sel, the  other  as  receiver.  The 
retort  pot  is  completely  enve- 
loped by  an  oven,  with  the  ex- 
ception of  the  neck  or  beak, 
which  passes  through,  and 
communicates  with  the  receiving-pot  outside.  In  this  vessel  a  considerable  amount  of 
sulphur  is  condensed ;  but  a  still  larger  portion  is  conveyed  into  a  vessel  full  of  cold 
water.    The  accompanying  diagram  illustrates  this  arrangement. 

Sulphur  thus  resulting  is  still  very  impure,  containing  from  10  to  15  per  cent,  of 
impurities.  To  effect  separation  of  the  latter,  a  second,  and  more  perfect,  distillatory 
process  is  required.  The  apparatus  employed  for  this  purpose  is  a  large  retort  of  brick- 
work, the  beak  of  which  is  very  capacious,  and  terminates  in  a  vaulted  brick  chamber. 
By  means  of  this  apparatus,  the  purified  sulphur  may  be  obtained  in  masses  or  in 
powder,  at  the  operator's  will.  Powdered  sulphur  is  known  in  commerce  as  fiowers  of 
sulphur ;  and  the  solid  mass,  after  having  been  fused  and  cast  into  cylindrical  moulds, 
constitutes  the  stick  sulphur  or  brimstone.  Flowers  of  sulphur  is  not  usually  so  pui*e 
a  material  as  solid  stick  brimstone,  the  former  being  usually  contaminated  with  sul- 
phurous acid,  which  can  only  be  separated  by  washing.  Sulphur  is  an  important  element 
of  several  manufacturing  processes,  amongst  which  those  of  gunpowder  and  oil  of 
vitriol  merit  especial  notice. 

Combinations  of  Sulphur  tvith  Oxygen. — A  list  of  these  compounds  has  already  been 
given  at  page  286,  but  it  will  be  proper  to  repeat  it  in  this  place. 

1.  Hyposulphurous  acid     .... 

2.  Trisulphuretted  hyposulphuric  acid  (Pentathionie  acid) 

3.  Bisulphuretted  hyposulphuric  acid  {Tetrathionic  acid) 

4.  Sulphuretted  hyposulphuric  acid  ( Trithionic  acid) 

5.  Sulphurous  acid 

6.  Hyposulphuric  acid  {Dithionic  acid) 

7.  Sulphuric  acid  ..... 
It  is  not  desirable  to  treat  of  these  combinations  in  the  tabular  order  of  their  occur* 

rence.     Sulphurous  acid  is  the  starting  point  of  all  the  combinations  of  sulphur  with 
oxygen.    To  sulphurous  acid,  therefore,  our  first  remarks  shall  be  directed. 


SaO. 
S4O. 
S3O, 
S  0, 

s,o. 

S  0, 
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SULPimtOUS   ACID. 

Atomic  weight  ......         S2w 

Atomic  or  combining  volume .  .  .  I  • 

Specific  gravity  ......     2247. 

Getteral  remarks. — It  is  not  easy  to  say  to  whom  the  first  chemical  appreci! 
fiulphurous  acid  is  referable ;  liie  antiquity  of  its  manufacture,  however,  mnst  Ix 
coeval  with  the  first  knowledge  of  sulphur,  inasmuch  as  this  body  when  hu 
atmospheric  air  generates  sulphurous  acid. 

Preparation. — (1).  By  the  combustion  of  sulphur  in  atmospheric  air. — T 
ready  means  of  generating  sulphurous  acid  has  just  been  indicated — ^namely,  tl 
bustion  of  sulphur  in  atmospheric  air,  with  the  oxygen  of  which  it  combines.  < 
however,  BulpJiuroas  acid  cannot  be  obtained  pure  by  this  process ;  the  nitro^ 
carbonic  add  of  the  atmosphere  must  oocur  in  admixture  with  it.  Practically 
ever,  the  presence  of  nitrogen  and  carbonic  acid  are  of  no  importance  in 
operations,  involving  the  employment  of  sulphurous  acid.  A  very  important 
this  kind  will  be  mentioned  in  the  sequeL 

(2).  By  the  oombostion  of  Bulphur  in  oxygen  gas.— This  operation  yields  wai\ 
acid  in  tlie  condition  of  purity.  It  is  never  adopted,  however,  in  practice,  bein 
less  convenient  method  than  others  presently  to  be  described. 

(3).  By  heating  oil  of  vitriol,  hydrated  sulphuric  acid,  in  contact  with  some 
dizing  body. — Charcoal  answers  very  well  for  this  purpose,  provided  the  simul 
presence  of  carbonic  acid,  which  is  also  generated,  be  of  no  consequence.  The 
tion  may  be  conducted  in  a  Florence  flask,  to  which  a  perforated  cork  and  bei 
have  been  attached.  The  source  of  heat  may  be  a  spirit-lamp  flame,  and  the  n 
gas  should  be  washed  by  transmission  through  a  bottle  contaimng  a  little  watei 
charcoal  employed  should  neither  be  in  mass  nor  finely  pulverulent.  If  I3ie 
the  action  is  sluggish ;  if  the  latter,  it  is  too  violent.  The  charcoal  should  be 
by  hammering,  and  all  the  powder,  as  well  as  large  pieces,  rejected.  The  ann 
oil  of  vitriol  should  be  a  little  more  than  the  quantity  required  for  completely  - 
the  charcoal.    The  decomposition  which  ensues  is  illustrated  by  the  following  di 

(  4  Oxygen  ~Z  2  Sulphurous  acid 

2  Sulphuric  acid  <  2  Oxygenv 
(2  Sulphur.' 

1  Charcoal  (carbon) X^  1  Carbonic  acid 

From  which  it  appears  that  two  equivalents  of  sulphuric  acid  re-act  on  one  of  d 

yielding  two  equivalents  of  sulphurous  acid,  and  one  equivalent  of  carbonic  aci( 

If  circumstances  require  that  the  sulphurous  acid  be  liberated  unmixed  i 

other  bodies,  we  must  substitute  one  of  several  metals  capable  of  decomposi 

phuric  acid.    Copper  may  be  employed  for  this  purpose,  but  mercury  is  Btillljel 

The  annexed  diagram  illustrates  the  nature  of  the  decomposition. 

t  4  Oxygen  ~y^^  Sulphuric  acid 

2  Sulphiuic  acid  <  2  Oxygen^ 

(  Sulphur 

1  Mercury \^  i  Pero^de  of  mercury  '\  -p^g^^^ 
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Sulphurous  acid 
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(4).  By  heating  in  a  retort  or  flask  a  mixture  of  six  parts  peroxide  (binoxide  or 
black  oxide)  of  manganese,  with  one  part  of  powdered  sulphur.— The  resulting  sul- 
phurous acid  requires  to  be  washed  by  transmission  through  a  bottle  containing  a  little 
water,  in  order  to  separate  a  portion  of  volatilized  sulphur  which  passes  oyer. 

The  student  will  readily  anticipate  the  nature  of  Uiis  decomxK)8ition.  Already  (page 
282)  we  have  seen  that  peroxide  of  manganese  yields  oxygen  when  heated ;  it  is  accor- 
dant with  our  preconceptions,  therefore,  that  sulphur,  greedy  as  it  is  of  oxygen,  should 
absorb  a  portion  whilst  yet  in  a  nascent  state,  and  become  converted  into  sulphurous 
acid ;  audi,  indeed,  is  the  decomposition  which  really  takes  place. 

GmertU  Prvper^tef .^-Sulphurous  acid  usually  assumes  the  condition  of  a  gas.  In 
this  state  we  have  already  assumed  it  to  be  procured ;  but  it  is  readily  condensed  into 
a  fluid,  and  by  the  operation  of  extreme  cold  and  pressure  it  may  be  solidified.  It 
may  be  condensed  into  a  fluid  by  the  operation  of  cold  alone ;  a  temperature  of  14°  Fah. 
sufficing  for  this  piupose.  Under  a  pressure  of  two  atmospheres  sulphurous  acid  may 
be  liquified  at  a  temperature  of  57°  Fah.  Liquid  sulphurous  acid  is  a  colourless,  very 
mobile  fluid,  having  a  specific  gravity  of  1*42.  It  evaporates  with  great  rapidity, 
producing  extreme  cold,  as  low  as  43°,  or  46°,  according  to  the  temperature  of  the 
surrounding  air.  Sulphurous  acid  gas  is  colourless,  pungent,  neither  combustible  nor 
a  supporter  of  combustion  in  the  common  acceptation  of  l^ese  terms — ^it  is  soluble  in 
wat^,  to  which  it  imparts  its  peculiar  taste  and  smell — ^it  combines  with  bases,  forming 
the  class  of  salts  termed  8ulphii^«,  which  effervesce  when  acted  upon  by  a  stronger 
acid,  sulphurous  acid  being  liberated.  It  combines  with  several  colouring  matters, 
with  which  it  forms  colourless  compounds ;  it  is,  therefore,  a  bleaching  agent,  and  is 
applied,  with  this  object  in  view,  in  many  branches  of  manufacture — for  example, 
ladies'  straw  bonnets  are  whitened  by  enveloping  them  in  an  atmosphere  of  sulphurous 
add,  and  sponges  are  bleached  by  keeping  them  some  time  immersed  in  an  aqueous 
solution  of  this  acid.  A  very  elegant  experiment  illustrative  of  the  bleaching  effect  of 
sulphurous  acid,  consists  in  moistening  a  red  rose,  and  holding  an  ignited  brimstone 
match  underneath  the  red  petals—they  are  almost  immediately  turned  white  by  this 
treatment.  But  the  whiteness  is  not  permanent :  the  original  colour  wiU  reappear  on 
dipping  the  rose  into  a  solution  of  almost  any  stronger  acid ;  for  this  purpose  dilute 
sulphuric  acid  answers  very  well. 

If  sulphurous  acid  be  brought  into  contact  with  acetate  of  lead  in  solution,  a 
copious  deposition  of  white  sulphite  of  oxide  of  lead  (commonly  termed  sulphite  of 
lead)  takes  place,  until  all  the  lead  is  separated,  and  acetic  acid,  holding  sulphurous 
acid  in  solution,  remains.  From  a  solution  of  this  kind,  however,  aU  the  sulphurous 
acid  may  be  dispelled  by  allowing  it  to  stand  exposed  to  the  air  in  a  shallow  pan  for 
some  days.  Sulphurous  acid,  in  point  of  fact,  is  perhaps  the  most  complete  separator 
of  lead  from  the  acetate  of  that  metal  with  which  chemists  are  acquainted,  as  I  pointed 
out  some  years  since— far  more  complete  than  sulphuric  acid ;  and  if  not  more  complete 
than  hydrosulphuric  acid,  having  unquestionably  a  peculiar  sphere  of  applicability.  For 
example,  sulphurous  acid  may  be  employed  to  throw  down  lead  out  of  a  sugar  solution 
without  injuring  the  sugar,  although  sulphuric  and  hydrosulphuric  acid  would  destroy 
it  completely.  Taking  advantage  of  this  fact,  I  devised  a  scheme  of  sugar  mtnufac- 
ture  in  the  year  1847,  which  has  since  been  extensively  applied. 

If  an  aqueous  solution  of  sulphurous  acid  be  kept  for  a  considerable  period,  and 
more  especially  if  retained  in  a  warm  situation,  small  quantities  of  sulphiiric  acid  will 
be  generated.    This  is  an  important  fact — it  is  referable  to  the  tendency  possessed  by 
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sulphurous  acid  to  combine  with  oxygen.  This  tendency,  in  point  of  £aei,  is  the 
strongest  characteristic  associated  with  sulphurous  acid  in  the  chemical  mind,  and 
determines  some  of  its  most  interesting  effects.  A  treatise  on  chemistry  is  necessarily 
filled  with  numerous  matters  possessing  various  degrees  of  relatiye  importance.  Some 
are  the  very  keys  of  the  science,  by  the  application  of  which  its  stores  of  knowledge 
are  unlocked ;  others  are  of  less  importance,  and  need  not  occupy  the  mind  of  a  general 
student.  The  successful  study  of  chemistry  will  greatly  depend  on  a  just  discrimina- 
tion between  facts  of  major  and  of  minor  importance.  The  student  should  be  taught 
to  seize  the  broad  characteristics — the  phyHtognomy  (if  the  expression  be  allowable)  of 
the  objects  brought  under  his  notice.  Of  this  kind  is  the  fact  that  sulphurous  acid 
possesses  a  strong  tendency  to  unite  with  oxygen,  and  is  frequently  employed  as  a 
deoxidizing  agent  by  the  chemist. 

Although  sulphurous  acid  by  prolonged  contact  with  water  can  generate  sulphuric 
acid,  the  operation  is  far  too  slow  to  admit  of  any  large  practical  application ;  but  if 
we  proceed  in  the  line  of  experiment,  which  the  solution  of  sulphurous  acid  in 
water  suggests  to  us,  we  shall  soon  arrive  at  the  commercial  process  of  manufacturing 
oil  of  vitriol.  If  sulphurous  acid  be  able  to  remove  oxygen  from  water,  theory 
suggests  that  it  should  be  able  to  remove  it  still  more  easily  from  bodies  still  more  rich 
in  oxygen.  Nitric  acid,  or,  more  properly  speaking,  aquafortis  (hydrate  of  nitric  acid) 
is  of  this  kind.  Nitric  acid  contains,  as  we  have  already  seen,  five  atoms  of  oxygen 
(page  314) ;  and  here  it  may  be  desirable  to  mention,  that  nitric  acid,  in  relation  to 
oxygen,  is  the  very  reverse  of  sulphurous  acid,  the  latter  being  a  powerful  deoxidizing 
agent,  the  former  ever  ready  to  g^ve  up  a  portion  of  its  oxygen. 

If,  therefore,  a  current  of  sulphurous  ^acid  be  transmitted  through,  hot  nitric  acid, 
decomposition  of  the  latter  ensues  \  fumes  of  hyponitrous  and  nitrous  acid  are  evolved, 
thus  proving  that  the  nitric  acid  is  suffering  decomposition.  If  hyponitrous  and  nitrous 
acid  fumes  are  evolved,  it  follows  that  a  portion  of  oxygen  must  have  been  removed ; 
and,  after  the  remarks  just  made  concerning  the  avidity  for  oxygen  manifested  by 
sulphurous  acid,  it  will  readily  be  inferred  l^at  the  missing  oxygen  must  have  been 
laid  hold  by  sulphurous  acid,  and  sulphuric  acid  generated.  So  strong  is  the  tendency 
of  nitric  acid  to  give  off  oxygen  when  brought  into  contact  with  a  body  having  a 
strong  affinity  for  that  element,  that  pure  sulphur  can  be  converted  into  sulphuric  acid 
by  prolonged  boiling  in  nitric  acid.  Chemical  analysts,  indeed,  employ  this  very 
process  for  the  purpose  of  estimating  the  amount  of  sulphur  contained  in  certain 
bodies.  Instead  of  getting  out  the  sulphur  bodily  under  its  own  proper  aspect,  they 
oxidize  it  by  means  of  nitric  acid,  convert  it  into  sulphuric  acid,  and  from  the  amount 
of  sulphuric  acid  generated  calculate  the  original  amount  of 
sulphur. 

Determination  of  the  Composition  of  Sulphurous  ^eid. — This 
may  be  readily  accomplished  by  a  synthetical  operation,  as 
follows : — Fill  the  globular  portion  of  a  glass  flask  with 
oxygen  gas,  and  dip  the  neck  of  the  flask  in  mercury,  taking 
care  that  a  porrion  of  mercury  rise  up  into  the  neck.  Now, 
ha>'ing  attached  a  small  piece  of  sulphur  to  the  end  of  a 
wire,  plunge  the  sulphur  up  through  the  mercury  into  the 
body  of  the  glass  flask.  By  means  of  a  burning  lens,  the 
sulphur  is  now  to  be  ignited.  It  will  continue  to  bum,  com- 
bining with  oxygen  and  yielding  sulphurous  acid,  as  we  have  already  seen  (page  284) ; 
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but  the  Tolume  of  the  original  gas  will  not  have  been  altered,  from  which  circiimstanco 
wo-  infer  that  sulphurous  acid  gas  must  contain  its  own  volume  of  oxygen,  united  with 
sulphur.  How  much  sulphur  ?  is  the  next  question  to  be  determined.  We  can  arrive 
at  this  solution  in  the  following  manner : — 

Density  or  specific  gravity  of  sulphui-ous  acid  gas,  reprc-  )  0.047 

sented  by  the  weight  of  one  volume ) 

Do.  of  oxygen  represented  by  one  volume 1*106 

One-sixth  (nearly)  of  the  density  or  specific  gravity  of  the  j 

vapour  of  sulphur,  thus  corresponding  with  one  atomy  1-141 
(see  page  335) ) 

Sulphurous  acid  is  therefore,  according  to  this  synthetical  demonstration,  a  com- 
pound of  one-sixth  volume  of  sulphur  (one  atom),  in  combination  with  one  volume,  or 
two  atoms,  of  oxygen,  and  is,  consequently,  thus  indicated  by  chemical  symbols, — 

SOj. 

SULPHURIC  ACID. 

Atomic  weight 40 

General  Properties. — Sulphuric  acid  in  its  uncombined  condition  is  a  very  rare 
substance,  having  somewhat  the  appearance  of  snow.  It  can  only  exist  whilst  scaled 
in  vessels  from  which  all  moisture,  atmospheric  or  otherwise,  is  excluded;  for  its 
tendency  to  unite  with  water  is  great.  It  combines  with  water  in  several  proportions, 
two  of  which  are  well  known — namely,  the  acid  of  Nordhausen  (so  called  from  the 
place  of  its  manufacture),  composed  of  two  equivalents  of  real  solphuric  acid  with  one 
of  water,  and  the  monohydrate  of  sulphuric  acid  of  commerce.  The  latter  is  the 
strongest  oil  of  vitriol  of  English  commerce,  and,  as  its  name  indicates,  is  a  compound 
of  one  equivalent  of  real  sulphuric  acid  combined  with  one  equivalent  of  water. 

Preparation. — The  most  direct  method  of  preparing  anhydrous  sulphuric  acid 
consists  in  passing  a  mixture  of  sulphurous  acid  and  oxygen  over  spongy  platinum 
contained  in  a  tube  heated  to  redness ;  but  the  operation  is  only  interesting  in  a  theo- 
retical point  of  view.  It  may  be  prepared  in  greater  quantities  by  distilling  fused 
bisulphate  of  soda ;  but  the  most  ready  means  of  obtaining  it  in  a  considerable  quan- 
tity is  by  distilling  the  sulphuric  acid  of  Nordhausen.  I  have  already  indicated  the 
composition  of  the  latter,  as  a  compound  of  two  of  real' acid  plus  one  of  water. 
Perhaps,  however,  it  is  more  philosophical  to  regard  it  as  a  solution  of  real  sulphuric 
acid  in  the  monohydrate  of  the  same,  for  a  great  difference  exists  as  to  the  readiness 
with  which  its  two  parts  of  real  acid  are  evolved.  If  the  Nordhausen  acid  be  exposed 
to  distillation,  an  equivalent  of  its  real  acid  is  given  off  with  facility,  and  may  bo 
collected  in  a  proper  recipient ;  but  the  second  equivalent  retains  its  amount  of  water 
with  such  obstinacy  that  both  may  be  distilled  over  unchanged  if  the  temperature 
be  sufficiently  elevated. 

Nordhausen,  or  fuming  Saxon  Sulphuric  Acid. — The  nature  and  composition  of  this 
substance  having  been  indicated,  it  now  remains  to  describe  its  mode  of  preparation, 
which  is  as  follows  : — ^Protosulphate  of  iron  (green  vitriol  or  copperas),  a  salt  composed 
of  one  atom  of  sulphuric  acid,  one  of  protoxide  of  iron,  and  seven  of  water, — conse- 
quently, of  which  the  formula  is  Fe  0.  SO3  +  7H0 — is  exposed  to  the  action  of  heat 
in  open  vessels,  by  which  means  six  equivalents,  or  atoms,  are  liberated ;  but  the 
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seventh,  maintaining  its  union  with  greater  obstinacy,  reaaiaA.  Bj  atill  inCTeaBing 
tlie  degree  of  heat,  a  portion  of  sulphuric  acid  is  decomposed,  yielding  oxygen  to  the 
protoxide  of  iron,  which  it  converts  into  sesquioxide,  Fe.^O„  and  which,  in  its  torn, 
unites  with  the  remaining  sulphuric  acid.  Still  increasing  the  heat,  the  sulphate  of 
I  sesquioxide  of  iron  is  decomposed,  its  sulphuric  acid  being  evolved  in  combination 
with  water,  and  peroxide  of  iron  remaining.  Such  is  the  preparation  of  the  Nord- 
hausen  sulphuric  acid ;  it  is  a  compound  far  inferior  both  in  utility  and  interest  to  the 
monohydrate  of  sulphuric  acid,  presently  to  be  described. 

MotiohydraU  of  Sulphuric  Acid  (Oil  of  Vitriot). — The  most  advantageous  point  from 
which  to  commence  our  study  of  oil  of  vitriol,  as  commercially  produced,  will  be  that 
portion  of  our  remarks  which  relate  to  binoxide  of  nitrogen,  and  the  higher  oxygen 
compounds  which  it  is  capable  of  forming,  up  to  the  maximum,  which  is  nitric  acid. 
It  will  be  remembered  (p.  323)  that  binoxide  of  nitrogen  is  itself  a  eoloorleas  gas, 
M'hich  immediately  gives  rise  to  ruddy  fames  when  aUowed  ta  eome  into  eontaet  witb 
atmospheric  air,  or  any  gas  containing  oxygen.  It  will  be  Temembered,  moieover, 
tbat  these  ruddy  fumes  are  a  mixture  of  the  higher  oxygen  compounds  of  nitrogen  with 
each  other ;  arc  a  mixture,  therefore,  of  hyponitrous,  nitrous,  hyponitric,  and  nitric 
acids.  Now  we  have  seen  (p.  340)  that  sulphurous  acid  can  decompose  nitric  with  the 
generation  of  sulphuric  acid  ;  but  the  circumstance  still  remains  to  be  indicated,  that 
nitric  acid  is  not  peculiar  in  this  respect.  Nitrous  acid  can  be  deoompoeed  by  sul- 
phurous acid  —so  can  hyponitrous  acid,  and  even,  under  some  conditions,  binoxide  and 
protoxide  of  nitrogen.  This  point  being  well  remembered,  the  profess  of  the  oil  of 
vitriol  manu'focture  will  be  readily  apprehended.    I  will  now  proceed  to  illustrate  the 

changes   which    etmo&f  \ff 
V  means  of  a  simple  experi- 

ment :'A  is  a  glass  flask 
slightly  moistened  with  wa- 
ter, and  ^mished  wiih  a  coik 
having  four  perforatiGinr,  two 
of  which  are  in  tubular  com- 
munication with  flasks,  and 
two  open  freely  into  the  air; 
the  latter  are  for  the  objeet 
of  preventing  the  ruptoro  of 
the  large  flask  by  tiie  sudden 
pressure  of  gas  within.  The 
flask  C  contains  a  mixture  of 
copper  and  diluted  nitric 
acid,  and  of  course  will 
liberate  binoxide  of  nitrogen.  The  flask  B  contains  mercury  and  oii  of  vitriol, 
and  consequently,  when  heat  is  applied,  will  liberate  sulphurous  acid.  If,  then, 
by  means  of  this  arrangement  sulphurous  acid  and  binoxide  of  nitrogen  be  brought 
into  contact  with  aqueous  vapour  in  the  large  flask,  certain  phenomena  will 
be  observed  illustrative  of  the  manufacture  of  oil  of  vitriol.  The  first  phenome' 
non  to  be  observed  is  the  conversion  of  binoxide  of  nitrogen  into  ruddy  fumes  of 
hyponitrous  and  nitrous  acids ;  the  second  is  the  generation  of  small  aeicular  crystals ; 
the  third,  the  total  disappearance  of  these  crystals  if  the  cork  be  removed,  and  water 
poured  in ;  the  fourth,  the  existence  of  oil  of  vitriol  in  the  resulting  solution ;  the  fifth, 
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the  libentioa  of  binoxide  of  nitrogen  during  this  act  of  solution.  Binozide  of  nitrogen 
my  €tmkj  be  recognized  by  the  generation  of  ruddy  fumes. 

Sappodng:  these  various  stages  to  have  been  gone  through,  it  is  eyident  that  aiftev 
bsring  generated  a  certain  amount  of  dilute  oil  of  vitriol,  wc  shall  have  arrived  at  the 
point  from  which  we  started,  that  is  to  say,  we  shall  have  reproduced  a  mixture  of 
hyponitrous,  nitrous,  and  sulphurous  acids  in  the  large  globe.  Precisely  this  scheme  of 
deoompoaition  is  effected  in  the  manufacture  of  oil  of  vitriol,  with  the  sole  exception 
that  the  crystalline  body  generated  in  our  experiment — and  being  a  compound  of 
nitroiie  aad  rolphnrem  acid»— n  avoided  by  the  maamfactnrer ;  its  existence  shows  the 
defieiiKicy  of  aqueous  vapour,  and  he  hastens  to  supply  more.  We  are  now  in  a 
poritMn  to  nndranrtand  the  natore  of  the  oil  of  vitriol  manufacture. 

Xbe  apparatus  Ibr  oonducting  this  manufacture,  though,  variously  modiflad,  may  be 
divided  into  two^  portions ;  the  first  oonsiatiag  oi  a  series  of.  leaden  diambers  coc- 
fotponding  in  formation  to  our  large  glasa  glbbe,  and  serving  to  retain  a  mixture  of 
nlplivnMur  acid  and  the  oxygenated  nitrous  products ;  the  second  of  an  evaporating 
and  a  dutillatory  apparatus  for  depriving  the  acid  of  much  water,  with  which  it  is 
combiaed;  Ibt  we  have  already  seen,  in  our  miniature  experiment,  that  the  sulphuric 
aeid  resuICnig  occurs  in  combination  with  much  water.  The  original  plan  of  manuf- 
acturing oH  of  vitriol  consisted  in  burning  a  mixture  of  nitrate  of  potash  and  sulphur 
in  a  dose  furnace,  and  conveying  the  results  of  combustion  into  a  series  of  leadsK 
ehambers  covered  a  few  inches  deep  with  water.  Those  results  are  a  mixture  of 
anlpburous  acid  with  binoxide  of  nitrogen,  the  latter  changing  to  hyponitrous  and 
nitrous  acids  immediately  it  comes  in  contact  with  the  atmospheric  air  contained  isL 
the  leaden  chamber,,  and  hyponitrous  and  nitrous  acid  reacting  upon  the  sulphurous 
acid  and  watery  vapour,  causing  the  layer  of  water  on  the  floor  of  the  leaden  chamber 
to  be  impregnated  with  dUute  sulphuric  acid,  as  we  have  already  seen.  It  remained 
to  convert  the  dilute  sulphuric  acid  thus  generated  into  concentrated  oE  of  vitriol, 
irhich  was  accomplished  by  driving  off  the  excess  of  water  by  means  of  heat  The 
beating  process  was,  and  indeed  still  is,  commenced  in  leaden  boilers,  but  it  was  finished 
in  retorts  of  gloss.  Instead  of  glass,  large  retorts  of  platinum  are  at  present  substituted. 
Modifications  of  this  process  of  oil  of  vitriol  manufacture  are  now  adopted,  to  the 
ezdusion  of  the  original.  One  of  the  most  complete  processes  of  this  kind,  and  the 
apparatus  employed  in  conducting  it,  I  shall  now  proceed  to  describe. 

It  is  represented  by  the  diagram  on  page  344,  and  consists,  as  will  be  seen,  of  five 
leaden  ehambers,  connected  with  each  other  by  flues,  and  associated  with  other 
apparatus  to  be  described  hereafter. 

Let  us  commence  ouv  description  of  this  apparatus  at  the  part  marked  A,  which 
represents  the  ash-pit  of  a  small  grate  or  furnace,  the  fuel  consumed  in  which  is  iron 
pyrites  (sulphuret  of  iron).  The  heat  evolved  by  this  combustion  serves  to  vapourize 
SMne  water  contained  in  a  vessel  represented  in  our  c^agram  immediately  over  the  fur- 
naces, and  which  will  be  seen  to  communicate  by  means  of  pipes  with  chambers  1  and 
3,  also  with  the  little  vessel  P.  Tracing  now  the  direction  pursued  by  the  evolved 
sulphurous  acid  gas,  we  x>erceive  that  it  goes  through  the  chimney  M  into  the  vessel  A, 
where  it  comes  into  oontact  with  a  stream  of  oil  of  vitriol  highly  charged  with  nitro- 
genous compounds  of  oxygen  proceeding  from  the  leaden  vessel  N ;  the  source  of 
whick  wiU  be  indicated  hiereafter.  In  the  vessel  A  are  represented  slanting  sheets 
of  lead ;  these  being  for  the  purpose  of  dispersing  the  stream  of  nitrogenized  oil  of 
vitriol  into  thin  layers,  and  bringing  it  into  contact  with  the  ascending  fumes  of 
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BJiipliuriotM  aaid.  ^o  aoonot  dixas  sulpburoiii  acid  touch,  the  nitrogeni^ed  oU  of  vitrkl, 
than  mutual  reaetioa  takes  place ;  a  portion  cjf  sulphurous  acid  becoming  auJphuzie 
aoid  by  abstraction  of  the  ncceasarj  oxygen*  As  a  reiult  of,  this  deootnpoaition, 
binoxido  of  nitrogen  ia  formed,  and  immediately  eonTerted  into  hyponitroui  wad 


nitrous  acids  by  coiubinin;^  with  jitmoftpiicrit;  uxyjjfi-n  nia- 
Godatrd  with  the  Eulphuioua  acid.  All  these  gaseous 
tnatenala  now  pa&3  on  into  the  ehnmbc^r  No,  1,  tho  ^lecoub  flow  being  expedited 
bj  a  jet  of  steam,  as  represented  in  the  woodcut.  But  the  steam  jet  has  a  chemical 
function  to  perform  sho ;  it  has  to  prevent  the  itineration  of  the  crystailine  body 
descnbed  at  page  342,  and  to  determine  the  formationL  of  sulphuric  acid,  which  it  does  80^ 
effcctaally  that  all  the  oiidiKing  nitrogenous  compounds  resulting  irom  the  impreg- 
nated oil  of  Titriol,  supplied  bj  the  vessel  N,  are  exhausted  of  their  disposable  oce jgeit 
in  the  first  chamber^  or  No.  1^  «o  that  the  gaseous  current  which  enters  No.  4  is 
little  eUe  than  sulphurous  acid  mingled  with  atmospheric  air.  In  order  thatt  the 
continuous  formation  of  sulphuric  acid  should  go  on,  it  is  therefore  necessary  to  supplj  * 
fresh  portion  of  oxidising  materials.  This  la  aecomplishGd  by  the  continuous  dropping  of 
portions  of  nitric  acid  upon  pieces  of  brickj  represented  lying  on  the  floor  of  chamber  D. 
No  aqueous  Tapour  is  conducted  into  this  chamber,  but  the  gases  are  allowed  to  mingle 
thoroughly,  prepamlory  to  their  almost  final  exhaustion  in  the  large  chamber  No,  3^ 
wbcre  they  meet  with  abundance  of  ajqueoun  vapour,  as  th$  diagram  suffieientlj 
represents.  Chambers  4  ond  5  are  to  bo  regarded  as  little  else  then  refrigerators,  and 
in  the  vessel  R  the  proceas  of  refrigeration  is  stiU  further  perfected  by  the  agency  of 
cold  water  externally  applied.  Xcvcrllielcas,  some  of  the  gas^^us  ingredients  wih 
escape — ^more  especially  a  remnant  of  nitrogenous  ga^es — into  the  cylinder  B,  where  a 
speeiol  provision  is  made  for  retaining  them.  In  B  will  be  recognized  some  large  pieces 
of  coke,  which  are  continuously  moistened  by  a  stream  of  oil  of  Tttriol  coming  from  0. 
By  this  treatment  the  oil  of  vitriol  becomes  charged  with  nitrogenous  vapours,  o>ad 
ultunately  finds  its  way,  by  a  peculiar  contrivance,  into  the  vessel  N,  where  we  ha^e 
lUready  recognised  its  presence  and  intimated  its  function.  The  mcana  by  which  ths 
nitrogonixcd  oil  of  vitriol  is  conveyed  from  B  to  N  ftre  simple  enough.  It  necessariJ^r 
flows  into  F  by  simple  descent,  and  it  is  elevated  from  P  to  N  by  the  |^tes£Ure  of 
steam,,  turned  on  when  required  from  the  ste^am-boiler. 

Chemical  Pi^pertm  ^f  HtdphurU  Add^  its  Method  of  Jktfrminatiim  and  ^nait^Mit,— 
S<3me  of  the  properties  of  pure  sulphuric  acid  have  already  been  described.  This  iub- 
etvncc  is  of  inferior  importance  to  the  chemist,  as  it  seldom  or  never  occura  in  Ibi 
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eoano  of  analytical  operations.  Bulphuric  acid  in  solution  or  combination  aro  the 
conditions  which  usually  present  themselves  to  his  notice.  The  strongest  sulphuric 
acid  of  English  commerce  (oil  of  yitriol)  is  a  compound,  as  I  have  already  mentioned, 
of  one  equivalent  real  sulphuric  acid,  and  one  equivalent  of  water.  It  has  the  physical 
appearance  of  an  oil,  whence  its  name.  Its  specific  gravity  is  about  1  *850.  It  rapidly  unites 
with  water,  evolving  much  heat  in  doing  so.  It  chars  organic  matters  when  brought 
into  contact  with  them,  this  effect  being  referable  to  its  affinity  for  water,  as  the  fol- 
lowing explanation  will  make  evident.  Organic  bodies,  as  the  rule,  are  compounded  of 
oxygen,  hydrogen,  and  carbon,  with  or  without  nitrogen ;  hence,  if  oxygen  and  hy- 
drogen be  removed  in  the  form  of  water,  the  carbon,  either  with  or  without  nitrogen,  will 
nnnun.  But  the  natural  form  of  carbon  when  isolated  is  a  black  solid  (charcoal},  and 
fSkan  the  clearing  operation  is  explained.  Like  all  strong  acids,  sulphuric  acid  reddens 
litmus  paper  or  tincture  of  litmus ;  but  the  acid  must  be  considerably  diluted  in  order 
to  manifest  this  change  with  effect,  otherwise  the  destructive  tendency  of  the  acid 
comes  into  operation  at  once ;  the  vegetable  colour  is  charred  and  no  redness  is 
manifest. 

Sulphuric  acid  has  a  great  tendency  to  unite  with  alkalies,  and  the  generality  of 
metallic  oxides — in  short,  all  the  substances  to  which  the  generic  appellation,  bases,  is 
applied ;  constituting  salts  which  are  denominated  sulphates^ 

Few  substances  admit  of  being  determined,  separated,  and  estimated  with  so  great 
facility  as  sulphuric  acid.  The  earth  baryta,  or  its  soluble  combinations,  is  the  test. 
Sulphate  of  baryta  is  absolutely  insoluble  in  water,  practically  speaking ;  therefore,  by 
means  of  baryta,  or  any  compound  of  the  metal  barium  (sulphate  of  baryta  of  course 
excepted),  the  whole  of  the  sulphuric  acid,  whether  combined  or  uncombined,  existing 
in  any  solution  tiay  be  easily  thrown  down.  Of  this  the  student  may  convince  him- 
self by  a  very  simple  experiment  of  the  following  kind.  Pour  about  half  an  ounce  of 
water  into  a  beaker  or  test  glass,  add  one  drop  of  oil  of  vitriol,  and  prove  the  acidulous 
nature  of  the  solution  by  moistening  a  slip  of  blue  litmus  paper  with  it  Next  drop  cau- 
tiously into  the  dilute  acid  a  solution  of  caustic  baryta  as  long  as  any  white  precipitate 
continues  to  subside.  Neutralization  being  thus  effected,  the  solution,  formerly  acid, 
will  be  found  to  have  totally  lost  the  property  of  reddening  litmus ;  in  other  words,  its 
acid  contents  will  have  been  removed. 

The  mere  occurrence,  however,  of  a  white  precipitate  on  adding  baryta  to  a  solution, 
is  not  to  be  regarded  as  conclusive  evidence  of  the  presence  of  sulphuric  acid  :  carbonic 
acid  will  effect  that  result,  and  some  other  acids  as  well ;  but  all  the  white  precipitates 
resulting  are  soluble  in  boiling  nitric  acid,  with  the  sole  exception  of  sulphate  of  baryta. 
Two  white  bary  tic  precipitates,  at  least,  not  only  dissolve  in  hot  nitric  acid,  but  dissolve 
with  effervescence  owing  to  the  escape  of  gas.  A  barytic  precipitate  demeaning  itself 
thus,  may  be  either  the  carbonate  or  the  sulphite.  If  the  latter,  a  smell  like  that  of 
a  burning  sulphur  match  will  be  recognizable ;  if  the  former,  there  will  be,  in  small 
quantities,  no  smell  whatever ;  in  large  quantities  the  peculiar  odour  of  the  gas  (car- 
bonic acid)  which  is  evolved  from  soda  water  and  ginger  beer. 

Not  only  are  baryta  and  barytic  compounds  qualitative  tests  of  the  presence  of  sul- 
phuric acid,  but  quantitative  tests  as  well ;  for  the  sulphate  of  baryta  is  a  definite  com- 
pound, the  amount  both  of  barytic  and  of  sulphuric  acid  which  it  contains  is  well 
known ;  hence  the  amount  of  sulphuric  adid  or  of  baryta  may  be  readily  determined  in 
a  definite  quantity  of  dry  sulphate  of  baryta.  Every  108*5  pc-rts  of  this  body  cor- 
j    respond  with  40  of  sulphuric  acid,  and  68*5  of  baryta. 
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JfypoinUpkmrie  aeid. — If  a  cmreiit  of  ffulphuoiu  acid  be 
iogpcrooiid/;  of  mangaiicsc  in  fuflpcnsion,  the  gM  is  absorbed  wUktinj  of  the  pennide 
ramainn,  whether  the  sohition  be  hot  or  eold ;  but  the  kind  of  deeonpoeldaa  differs 
aeeording  to  the  temperature  at  which  the  opcratioa  is  condiicted.  If  tbe  water  hold- 
ing the  oxide  in  muponsion  be  cold,  the  following  decompoeition  takea  plaee : — ^Two 
frquiralentA  of  sulphunms  acid  combine  with  one  equivalent  of  oxygen  reraored  from 
the  peroxide  of  manganese,  which  consequently  is  reduced  to  the  condition  of  protoxide 
acid)  and  hyposulphate  of  protoxide  of  manganese  results, — a  deeompoaitiini  whieh 
adfflito  of  being  thus  represented. 

2  Sulphurous  acid  .' 1  Hyposulphuric  acidx        _ 

^  y  ^^    ^  \    I  Hyposulphate 

1  Oxyircn  ^  i       o^pwtoxideof 

I  Peroxide  of  manganese  |  ^  p^^^^  I       manganese 

Or,  in  chemicol  Byiiihola,  as  follows : — 

MnOj  +  2S02=  MnO.SjO^. 
If  the  water  holding  the  peroxide  of  manganese  in  suspension  be  heated,  a  still 
more  complete  absorption  of  oxygen  is  eifeotcd  by  the  sulphurous  acid  gas ;  which 
becomes  changed  into  sulphiiric  acid,  and  by  uniting  with  protoxide  of  manganese,  forms 
the  stilphate  of  protoxide  of  manganese  ;  or,  as  more  simply  expressed,  the  protonH' 
phato  of  manganese.  In  this  case  only  one  cquiralent  of  sulphurous  acid  reacts  upon 
one  equivalent  of  peroxide,  and  the  scheme  of  decomposition  is  thus  expressed. 

1  (Sulphurous  acid  ,1  Sulphuric  acid 


j   1   Sulphate  of  pro- 


,t»       Mr  (1  Oxygen/  \      toxide  of  manga- 

1  Peroxide  of  manganese  ]  i  p    ♦     -^ ,  viiae. 

Or,  Mn0.j  +  80^  =  MnOSO^. 

Notwithstanding  any  coro  we  may  take  in  cooling  the  water  holding  the  suspended 
oxide,  it  is  difilrult  to  preyent  the  formation  of  a  little  sulphate  of  manganese  consents- 
nootuly  with  tUo  hyposidphato ;  hence  a  process  of  separation  must  be  had  recourse 
to.  The  process  is  as  follows  : — ^Tho  filtered  liquor  is  decomposed  by  dropping  in  a 
solution  of  caustic  baryta,  which  precipitates  the  protoxide  of  manganese,  and  gene- 
rateit  the  hypi)sulphnto  and  the  sulphate  of  baryta.  The  latter  we  hare  already  seen 
to  bo  a  iTmarkftbly  insoluble  body,  but  the  former  is  soluble  ;  it  accordingly  passes 
through  tlio  filter,  and  may  be  obtained  by  continuous  CYax>oration  of  the  filtrate 
(tiltorrd  liquor). 

If  the  hyposulphate  of  baryta  bo  now  ro-disa<.\lved  in  water,  and  sulphuric  acid 
cautiously  drt>pped  in  until  no  further  precipitate  is  oeeasicmed,  it  is  eyident  we  shall 
hav<»  suiMCHHHlwi  in  tlirowing  down  all  the  baryta,  leaving  a  pure  aqueous  solution  of 
hyp^viiilphurio  acid.  The  water  may  be  dissipated  by  means  of  eTaporation ;  bat  the 
ovapv>ration  mu;»t  bo  conducted  witliout  heat,  in  a  manner  frequently  employed  by 
oho«\islj»  when  dolicnto  svdutions  are  concomed. 

The  aqxitHHiit  solution  lH>ing  pkinnl  in  a  capsule  of  glass  or  platinum,  is  inclosed 
within  tho  r<K^rtcr  i\f  an  air-pump  in  a5$ociation  with  am-tther  csqisole,  holding  strong 
\vil  of  vitrivd*  A  mouum  Wing  now  produced  by  workinsr  the  pomp,  aqueous  yapour 
;ur\«es»  fi^^m  tho  dilute  mlutivm  of  hyposulphuric  acid ;  and  no  sooner  ariaea  than  it  is 
laid  hv^d  of  by  the  oil  of  TitrioU  which  bc<\>mo9  dilute  at  the  expense  of  the  former, 
?*ud  thu^  conoontwtion  of  hyp^yft\dphur;c  acid  i?  et!e«.^ted. 
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HYVOBULFHI7BOUS  ACID. 

This  body  has  neTer  yet  been  isolated;,  but  its  presence  in  combination  with  bases 
is  unequiTQcally  demonstrated.  The  results  of  these  combinations  are  termed  hypoeol- 
phites ;  and  one  of  them,  hyposulphite  of  soda,  is  now  manufactured  in  considerable 
({txantities  for  employment  in  photographic  operations.  There  are  various  methods  of 
producing' hyposulphites ;  the  following  are  the  most  important : — 

(1).  By  boiling  the  solution  of  a  si^phite  with  an  excess  of  powdered  snlphur,  by 
which  operation  the  necessary  amount  of  sulphur  to  form  a  hyposulphite  enters  into 
combinatioa.  The  solution  now  being  filtered  and  evaporated,  yields  the  hyposulphite 
pure. 

(2).  By  the  solution  of  zinc  in  a  solution  of  sulphurous  acid.  This  metal  having  a 
great  tendency  to  imite  with  oxygen  removes  a  portion  from  the  sulphurous  acid, 
generating  hyposulphurou^  acid,  which  at  once  combines  with  the  oxide  of  ainc, 
forming  hyposulphite  of  oxide  of  zinc.  By  operating  in  this  way,  however,  a  variable 
amount  of  sulphite  of  zinc  is  simultaneously  produced. 

(3).  By  exposing  solutions  of  alkaline  sulphurcts  (sulphides)  to  certain  oxidizing 
agencies — such,  for  example,  as  oxygen  gas  or  atmospheric  air. 

(4).  By  boiUng  a  solution  of  potash,  soda,  or  baryta,  with  sulphur  in  excess.  This 
process  yields  hyposulphite  of  the  base,  and  persulphurets  of  the  base  radical :  thus, 
supposing  sulphuret  of  potassium  to  have  been  employed,  we  obtain  hyposulphite  of 
potash,  and  persulphuret  of  potassium. 

Froperties  of  Hyposulphitea. — A  hyposulphite  may,  in  general,  be  known  by  the  two 
following  charaeteristics.  It  is  decomposed  on  the  addition  of  either  of  the  mineral 
acids,  with  the  evolution  of  sulphurous  acid  gas,  easily  recognizable  by  its  peculiar 
smell,  and  deposition  of  sulphur ;  and  if  the  hyposulphite  be  of  an  alkaline  base  it 
dissolves  ehloride  of  silver,  forming  a  transparent  sweet  solution. 

The  remaining  Oxygen  compounds  of  Sulphur, — ^These  are  so  devoid  of  importance, 
both  theoretical  and  practical,  that  I  do  not  think  it  desirable  to  treat  of  them  in 
detail. 

Combination*  of  Sulphur  with  Hydrogen. — There  are  two  combinations  of  sulphur 
with  hydrogenr— namely,  sulphuretted  hydrogen,  or  hydrosulphuric  acid,  and  bisul- 
phiiretted  hydrogen. 

SULPHUHETTED  HYDBjOGEN,  or  HYDBOSULPHXJItlC  ACID. 

Composition HS 

Atomic  weight .17 

Atomic  or  combining  volume  in  the  gaseous  state          .         ■      I       I 
Specific  gravity  in  the  gaseous  state 1-1681 

General  Bernards. — ^This  compound  is  an  agent  of  great  importance  to  the  analytical 
chemist.  It  may  be  considered  &a  the  test  par  excellence,  for  calcigenous  metals ;  all 
of  which,  except  iron,  manganese,^  cobalt,  nickel,  and  uranium,  precipitate  from  their 
solutions  without  any  collateral  aid,  and  even  the  five  excepted  metals  are  precipitated 
from  their  solutions  by  this  agent  in  the  ;^esence  of  an  alkali — by  preference  ammonia. 
The  prevailing  colour  of  these  precipitates  is  black ;  but  zinc  yields  a  white  preci- 
pitate, and  it  is  the  only  metal  which  does  so.  Manganese  (one  of  the  metals  which 
requires  the  collateral  aid  of  an  alkali  to  effect  precipitation)  yields  a  precipitate  with 
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hydrosulphurio  acid,  wbich  is  sometimes  called  white,  but  which  is  in  reality  fledi 
or  cream-coloured.  Arsenic,  cadmium,  and  tin  (the  latter  in  certain  states  of  combina- 
tion) are  tho  only  metals  which  yield  a  distinct  yellow  precipitate  with  it ;  the  preci- 
pitate afforded  by  antimony  is  sometimes  described  as  yellow,  but  it  is  in  reality 
orange-coloured. 

Thus,  by  the  evidence  of  hydrosulphuric  acid  tho  analytical  chemist  gleans  a  vast 
amount  of  information.  Let  us  suppose  the  existence  of  an  unknown  solution.  It 
has  to  bo  analyzed.  It  yields  a  precipitate  with  hydrosulphuric  acid,  and,  ihtrtfort^ 
contains  a  metal ;  moreover,  it  contains  a  calcigenous  metal,  and  the  metal  is  neither 
iron,  cobalt,  nickel,  manganese,  nor  uranium,  for  these  only  yield  a  precipitate  when 
an  alkali  also  is  present  Again,  tho  solution  is  black,  therefore  the  metal  can  neither 
be  arsenic  nor  cadmium  in  any  state,  nor  tin,  in  at  least  one  state  (i.  f.  as  a  persalt], 
nor  antimony.  "What  a  vast  amount  of  information  then  is  conveyed  by  this  one 
test! 

Preparation. — Direct  union  of  sulphur  with  hydrogen  has  never  yet  been  accom- 
plished ;  but  when  sulphur  is  brought  into  contact  with  hydrogen  in  a  nascent  condition, 
combination  between  the  two  is  readily  effected.  The  preparation  of  hydrosuTphuric 
acid  is  usually  accomplished  by  acting  upon  sulphurets  (sulphides)  with  sulphuric  or 
hydrochloric  acids.  If  hydrosulphuric  acid  be  required  absolutely  pure,  the  most 
convenient  sulphuret  to  employ  is  the  sulphuret  of  antimony,  and  the  best  acid  the 
hydrochloric  (spirit  of  ealt,  or  muriatic  acid).  The  decomxKmtion  should  be  effected  in 
a  flask,  heated  by  means  of  a  spirit-lamp  or  other  small  flame ;  and  the  gas  may  be 
collected  either  over  mercury  or  water — for  although  water  dissolves  from  two  and 
a-half  to  three  volumes  of  the  gas,  the  absorption  soon  reaches  its  maximum,  and  does 
not  materially  interfere  with  the  pneumatic  operation.  It  is  but  seldom,  however,  that 
the  chemist  requires  to  collect  hydrosulphuric  acid  gas.  In  this  and  most  other 
examples  of  the  generation  of  a  gas  by  the  operation  of  heat  on  materials  contained  in 
a  flask,  it  is  proper  to  wash  the  gas  in  a  little  water :  the  means  of  accomplishing  this 
will  be  soon  described. 

Theory  of  the  Decomposition. — ^When  sulphuret  of  antimony  is  acted  upon  by  hydro- 
chloric acid  the  decomposition  is  as  follows  : — ^The  chlorine  of  hydrochloric  acid,  by 
uniting  with  antimony  of  the  sulphtiret  of  antimony,  generates  chloride  of  that  metal, 
whilst  the  hydrogen  of  hydrochloric  acid  combining  with  sulphur  of  the  orighial 
sulphuret  of  antimony  forms  hydrosulphuric  acid.  These  several  grades  of  decom- 
position are  more  readily  explained  by  means  of  the  following  diagram  : — 

1  Sulphuret  (sesquisulphuret)  (3  Sulphur    --3  Hydrosulphuric  acid 

of  antimony  (  2  Antimony^ 


^  (3  Chorine  ^1  Chloride  (sesquichloride) 

of  antimony 
Or,  Sb/S,  +  3Ha  =  SKQ,  +  3HS. 

In  general  laboratory  operations  sulphuret  of  iron  is  more  frequently  used  than 
sulphuret  of  antimony  for  developing  hydrosulphuric  acid,  and  oil  of  vitriol  diluted 
with  about  three  or  four  times  its  volume  of  water  is  substituted  for  hydrochloric  add. 
If  tho  sulphuret  of  iron  be  completely  free  frtun  particles  of  metallic  iron,  the  resulting 
hydrosulphuric  acid  is  equally  pure  with  that  resulting  from  sulphuret  of  antimony 
*  StiUmm,  tlie  Latin  word  for  aatimoBy.    Vide  page  278. 
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and  hydrochloric  acid ;  but  this  seldom  obtains ;  hence  the  gas  is  usually  contaminated 
with  a  little  hydrogen.  The  latter,  however,  is  far  from  being  prejudicial  to  the 
employment  of  hydrosulphuric  acid — for  most  of  its  common  applications  is  rather 
advantageous,  by  expanding  the  volume  of  the  hydrosulphuric  acid  gas,  and  bringing 
it  more  fully  into  contact  with  the  metal  to  be  precipitated  than  otherwise  would  be 
the  case. 

As  the  operation  of  preparing  sulphuretted  hydrogen  is  of  frequent  occurrence  in 
the  laboratory,  I  shall  proceed  to  indicate  more  fully  than  I  have  hitherto  done  the 
proi>er  apparatus  to  be  employed.  In  the  process  already  detailed,  involving  the  use 
of  sulphuret  of  antimony  and  hydrochloric  acid,  we  found  it  necessary  to  use  a  flask 
and  to  apply  heat ;  but  when  sulphuret  of  iron  is  the  material  acted  upon  heat  is  no 
longer  necessary,  and,  consequently,  a  wide-mouthed  bottle  may  be  substituted  with 
advantage  for  the  flask. 

Thus  modified,  the  apparatus  will  be  as  represented  in  the  annexed  cut.  It  con- 
sists of  two  wide-mouthed  bottles ;  the  greater  of  which  may  hold  a  pint,  and  the 
other  need  not  be  quite  so  ,_ 

large.  •   The    cork    having  \J  ^ 

been  removed  from  the  first, 
some  pieces  of  sulphuret  of 
iron  are  thrown  in,  and  the 
cork  is  replaced.  The  smaller 
bottle  is  to  be  about  half  filled 
with  water,  and  the  cork  re- 
placed. 12  3  respectively 
indicate  small  lengths  of 
glass  tubing.  C  C  are  pieces 
of  vulcanized  india-rubber 
tube,  one  leading  from  the 
&:8t  to  the  second  bottle, 
another  leading  from  the  second  bottle  to  the  length  of  glass  tube,  which 
begins  at  the  point  marked  ly  and  extends  down  into  a  beaker  glass,  which 
is  supposed  to  contain  a  metallic  solution  to  be  precipitated  by  the  hydrosulphuric 
acid  gas.  If  we  desire  to  set  this  apparatus  in  operation,  nothing  more  is  required 
than  to  pour  oil  of  vitriol  properly  diluted  down  the  funnel  F,  when,  on  coming 
into  contact  with  the  sulphuret  of  iron,  hydrosulphuric  acid  will  be  liberated,  and 
tliQ  latter  bubbling  through  the  water  in  the  small  bottle  will  be  washed  free  from 
any  sulphuric  acid  which  may  by  chance  have  come  over  with  it ;  and  hydrosulphuric 
acid  will  bo  finally  driven  through  the  solution  contained  in  the  beaker  glass.  The 
apparatus  here  described  differs  in  some  respects  from  that  commonly  provided  for  the 
purpose,  and  unquestionably  with  advantage.  Firstly,  it  is  usual  to  substitute  for  the 
straight  pieces  of  tubing  1  and  2  pieces  bent  once  at  a  right  angle,  effecting  the 
junction  between  them  by  a  very  short  connector  of  india-rubber.  It  is  usual,  also, 
to  substitute  for  the  compound  tube  of  glass  and  india-rubber  terminating  in  the 
beaker  glass  one  piece  of  bent  glass  tubing.  Now  the  advantages  of  the  apparatus 
above  represented  are  as  follow  : — Complete  absence  of  rigidity  is  secured  between  the 
two  bottles — a  somewhat-  important  matter,  as  the  operator  will  now  discover,  if  he 
work  much  in  the  laboratory  ;  complete  freedom  of  motion  in  the  delivery  tube,  and, 
what  is  still  of  more  comiequence,  the  ability  to  join  at  the  point  b  a  clean  piece  of 


3uO  HAIIl   DTBS. 


glsuis  tubing  for  every  new  operation.  Lot  us  suppose  that  the  chemist  has  been 
throwing  down  arsenic  by  means  of  the  rigid  bent  deliveiy  tube  usually  employed  for 
tliis  purpose.  Of  course  the  tube  becomes  soiled  with  the  solution  internally,  and 
until  perlscdy  cleaned  ought  not  to  be  used  for  the  precipitation  of  any  other  metal. 
But  to  clean  a  glass  tube  bent  into  the  form  of  a  V  is  no  easy  matter,  and  in  trying  to 
do  so  cither  timo  is  consumed  (without  avail  sometimes),  or  the  operator  is  tempted  to 
prejudice  his  result  by  liaing  a  dirty  tube.  Our  form  of  apparatus  remores  all  these 
difficulties.  One  word  now  concerning  the  sort  of  india-rubber  tubing  to  be  employed. 
It  must  be  vulcanized,  as  I  have  already  stated,  and  vulcanized  india-rubber  tubing 
can  be  obtained  of  almost  any  dealer  in  chemical  apparatus ;  but  the  exact  kind  of  I 
vulcanized  tubing  which  best  suits  our  present  puipoee  must  be  sought  in  a  quarter 
not  very  congenial,  for  the  most  part,  to  j^losophic  operations.  It  must  be  sought  at 
the  tobacconist's  under  the  name  of  Hookah  tubes.  It  is  not  only  a  cheaper  material 
than  that  purchased  at  chemical  warehouses,  or  even  of  india-rubber  manufactureKS,  but 
it  is  better  in  several  respects,  smaller,  more  delicate,  and  more  easy  of  adaptation. 

Sulphuretted  hydrogen  is  either  used  as  a  mere  qualitatiTe  test,  to  indicate  the 
existence  of  certain  bodies  by  the  evidence  of  change  of  colour,  or  it  is  employed  as  a 
quantitative  precipitant.  In  the  former  case  it  is  generally  preferable  to  employ  a 
solution  of  the  gas  in  water  ;  in  the  latter  the  gas  itself  should  generally  be  employed 
to  avoid  unnecessary  dilution  of  the  liquid  acted  upon.  "Water,  to  be  impregnated  with 
hydrosiilphurio  acid  gas,  should  be  piire  and  cold;  it  should,  moreover,  have  been 
recently  boiled  to  effect  the  expulsion  of  aU  traces  of  atmospheric  air  and  other  gases. 
Under  these  conditions  water  soon  takes  up  its  maximum  of  hydrosulphuric  add,  the 
more  speedily  if  it  be  agitated  during  the  act  of  gaseous  transmission.  The  solution  i 
thus  obtained  should  be  kept  well  corked  and  in  a  cool  and  dark  place.  Even  with  iH 
this  care  it  is  decomposed  in  time,  sulphur  dex>06ited,  and  the  nauseous  odour  of  rottea 
eggs,  so  characteristic  of  sulphuretted  hydrogen,  lost  "Wlienevcr  these  changes  ensue 
the  solution  is  worthless,  and  should  be  thrown  away. 

Though  the  usual  condition  of  hydrosulphuric  acid  be  gaseous,  it  may  be  also  obtained 
in  the  liquid  and  solid  state.  It  is  liquilied  at  ordinary  temperatures  by  a  pressure  of 
about  sixteen  atmospheres,  being  condensed  into  a  transparent  liqtdd  having  the  specific 
gravity  of  0*9.  Its  reduction  to  the  solid  state  requires  the  simultaneous  application  of 
extreme  cold  and  pressure.  Sulphiux>us  acid  gas  is  not  a  supporter  of  combustion  for 
ordinary  combustibles,  but  it  readily  bums  if  a  light  be  3q)plied,  the  results  of  combus- 
tion being  sulphurous  acid  gas  and  water.  It  is  a  remarkably  poisonous  gas,  a  small 
percentage  of  it  in  the  atmosphere  being  fatal  to  animal  life  if  breathed  many  times  in 
succession.  Still  more  extraordinary  is  the  fact  that  an  atmosphere  contaminated  with 
this  gas  can  prove  fatal  to  animal  life  by  mere  absorption  through  the  skin.  A  French 
veterinary  surgoon  demonstrated  this  by  enveloping  a  horse  in  a  large  air-tight  bag 
containing  this  gns  mixed  with  air.  The  horse  died  from  the  effects  of  cutaneous 
absorption.  Nevertheless,  the  gas  is  exhaled  from  the  hair  of  animals,  and  this  faet  it 
taken  advantage  of  in  the  employment  of  a  hair  dye.  Fonneriy  nitrate  of  sihrer  was 
employed  as  the  xmiversal  hair  dye,  but  it  is  attended  with  the  great  disadvantage  of 
discolouring  skin  as  well  as  hair.  A  mixture  of  oxide  of  lead  and  lime  is  now  empiloyei, 
and  it  has  the  advantage  of  dreuag  the  hair  without  disoi^vttring  die  Aia.  The  theory 
of  the  apptieatiofn  is  simply  tius : — ^Lead  htSm^  one  of  the  metab  with  wfai^  hydzosal- 
phuric  acid  yi^ds  a  bkck  preeipiute,  aooid  the  hair  beiag  wdl  penetrated  with  the 
metallic  oxide,  UadoMas  resahs  from  the  deeompoaitaoa  af  that  axi^  hytiiehydrosol- 
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phuric  acid  whicli  it  meets  with  in  the  capillary  tubes.     The  function  of  the  lime  is 
not  only  to  effect  removal  of  oil,  but  to  render  the  oxide  of  lead  somewhat  soluble. 

It  remains  now  for  me  to  explain  the  nature  of  the  precipitates  thrown  down  by 
hydrosiilphuric  acid  from  certain  metallic  solutions.  These  compounds  are  sulphurets, 
otherwise  called  sulphides ;  the  results  of  direct  union,  therefore,  between  sulphur  and 
the  metal,  or  other  second  body,  as  I  have  already  explained,  page  385.  Consequently, 
when  hydrosulphuidc  acid  is  passed  through  a  solution  of  a  metallic  oxide,  and  a 
metallic  sulphuret  of  the  metal  results,  water  also  must  be  formed.  The  following 
diagram,  illustrating  the  formation  of  sulphiu'ct  of  lead  by  means  of  hydrosulphuric  acid 
transmitted  through  acetate  of  oxide  of  lead,  will  render  this  statement  evident : — 

Acetate  of  lead  (i.  c.  acetate  <  ^^^^^  ^^'^      r  ^  ^„„„ 
of  oxide  of  lead)  J  Oxide  of  lead  \  ^e  Jd 


2 


L 


Hydrosulphuric  acid  |  Ij^^g^Q^^gj^' 

This  production  of  sulphurets,  by  the  action  of  hydrosulphuric  acid  on  metallic 
oxides,  is  a  very  interesting  subject  for  contemplation.  Hydrosulphuric  acid  is  the 
first  hydrogen  acid,  or  hydr-acid,  that  has  hitherto  come  under  our  notice  in  this 
volume,  and  a  slight  amount  of  attention  will  assure  us  that  its  relations  to  bases  are 
very  different  from  the  generally  accepted  relations  of  oxygen  acids  to  the  same.  I 
say  generally  accepted,  because  chemists  are  by  no  means  agreed  concerning  the  exact 
scheme  of  the  combination  of  the  oxygen  acids ;  but  wc  speak  of  them  at  least  as  com- 
bining with  bases,  the  latter  being  for  the  most  part  metallic  oxides.  Now  let  us  con- 
template the  difference,  as  to  scheme  of  combination,  between  the  action  of  sulphuric 
acid  and  hydrosulphuric  acid  on  one  oxide— of  lead  for  instance.  If  sulphuric  acid  bo 
added  to  oxide  of  lead,  or  a  solution  containing  it,  a  white  compound  (sulphate  of 
oxide  of  lead,  or  sulphate  of  lead  as,  for  brevity,  it  is  sometimes  called)  is  formed. 
Thus  we  have,  or  at  least  we  appear  to  have,  a  direct  combination  of  sulphuric  acid 
and  oxide  of  lead,  thus :— 

O^Kleafj  Sulphate  of  led 

Bat  if  for  sulphuric  acid  we  substitute  hydrosulphuric  acid,  the  former  type  of  com- 
bination is  wholly  departed  from.  We  do  not  obtain  hydrosulphate  of  oxide  of  lead, 
but  sulphuret  of  lead  and  water.  There  can  be  no  question  about  the  formation  of 
sulphuret  of  lead,  because  it  falls  and  we  obtain  it  bodily ;  but  had  it  so  happened  that 
the  result  of  transmitting  hydrosulphuric  acid  -flirougli  oxide  of  lead  might  have  been 
a  substance  soluble  in  water,  our  chief  evidence  as  to  the  formation  of  a  sulphuret 
would  have  been  absent.  It  might  have  dissolved  as  a  sulphuret  without  decompo- 
sition of  water,  or  as  a  hydrosulphate  with  deoompoation  of  that  fluid,  as  the  two 
following  schemes  will  explain. 

SCHEME  I. 

~J^  I  Aqueous  solution  of  sulphuret  of  x 
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Sulpliuretof;r  {^^p^^^; -^p-Oxidoofx 


"Water  ^  ^^gd  -^ 

(  HycLrogen — ^i>-  Hydrosulphuric  acid  , 


Ilydrosulphate  of 
oxide  of  X 


These  remarks  apply  to  all  the  hydracids  without  exception ;  and  if  we  accept  the 
Lavoiserian  doctrine  of  salts,  as  being  the  results  of  union  between  acids  (compounds) 
and  bases  (also  compounds) ;  and  if,  moreover,  we  continue  to  regard  oxyacids  as  the 
type  of  normal  acidity,  the  hydracids  will  constitute  an  intractable  exception  to  such 
generalizations.  But  modem  theory  rather  tends  to  the  point  of  making  hydracids  the 
type,  and  associating  salts  of  oxyacids  with  sulphurets,  and  other  cognate  bodies.  There 
is  no  proper  field  in  a  volume  of  this  kind  for  a  full  exposition  of  the  arguments 
in  favour  of  this  doctrine  or  against  it.  I  must,  therefore,  content  myself  with  proving 
to  the  student  by  one  example,  that, — the  attempt  to  assimilate  oxyacid  salts  with  the 
typo  of  hydracid  salts,  is  not  so  impracticable  as  one  might  imagine.  Take,  for  instance, 
sulphuret  of  lead.  Its  elements  are  sulphur,  oxygen,  and  lead  combined,  as  chemists 
usually  assume,  in  the  grouping  of  three  of  oxygen  plus  one  of  sulphur  (sulphuric  acid) 
with  one  of  oxygen  plus  one  of  lead  (oxide  of  lead),  or  simply  thus  : — 


Or,  still  more  simply,  thus  : — 


Sulphuric  acid  ) 
Oxide  of  lead   / 


SO,  PbO 


But  it  is  also  competent  for  us  to  assume  the  existence  of  a  body  having  the  followicg 
arrangement  of  elements  : — 

SO4  Pb 

lu  which  case  the  group  SO4  would  correspond  in  function  witli  suljihur  in  sulphuret 
of  load. 

It  would  lead  us  too  far  from  the  objects  of  tliis  volume  were  we  to  eipatiatc 
fuilher  on  the  theory  of  combinations ;  but,  before  quitting  the  subject,  the  curious 
fact  may  bo  noticed  that  if  the  strict  notion  of  an  acid,  as  adopted  by  Lavoisier,  be 
advocatetl — if  chemists  see  good  reason  for  limiting  the  definition,  salty  to  the  binary 
combination  of  a  compound  with  a  compound  (an  acid  with  a  base),  then  must  we  be 
driven  to  the  necessity  of  denying  the  claim  of  common  salt  to  be  a  salt,  inasmuch  cs 
botli  cliemical  analysis  and  chemical  synthesis  prove  it  to  be  a  combination  of  the  two 
elements,  chlorine  and  sodium.  Had  it  chanced  to  hold  the  elements  of  water  in  its 
crystalline  structure,  then  we  might  have  adopted  one  of  two  theories  as  to  ris  consti- 
tution ;  wo  might  have  regarded  it  as  a  chloride  plus  water  of  crystallization,  or  as  a 
hydrochlorate  without,  as  tho  two  appended  schemes  will  illustrate — 

o  v«.«. .«  ^«n  «« 1       C  Chloride  of  sodium  )  Chloride  of  sodium 

(.  ommon  salt  ana      )  •„   , ^ .  f  -^v      *       r 

^,  ^f  „.„«.^^     \  Ilvdrogen  \  tv«.  ^  Y        with  water  of 

eu^mcnis  01   water     J  .^-     T^      -Water  \  *.  n-    *.- 

(  Oxygen     i  }         crystallization. 

f  lIydrogen|  Hydrochloric  \ 
Common  s^lt  an  I   ^  Chlorine   )         acid  I  Anhydrous 

olemeuis  of  water  1  S.Klium     )  q^,^  i  hydrochlmrate  of  soda 
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Any  theory  requiring  us  to  banish  common  table  salt  from  the  list  of  saline  bodicsi 
>rould  indeed  be  startling ;  accordingly,  when  the  real  constitution  of  hydrochloric  and 
the  other  hydracids  became  known,  and  the  nature  of  the  results  of  their  action  on 
bases  determined,  the  term  haloid  salt  was  invented  to  designate  bodies  having  a 

I  composition  analogous  to  that  of  common  table  salt    (from  oAs  sea  soU,  and  ctSos 

I  likeness). 

\  BISULPHURET  OF  HYDROGEN. 

Composition HS^ 

I  Atomic  weight 33 

If  flowers  of  sulphur  be  boiled  with  cream  of  lime  (lime  mingled  with  water),  or 

a  solution  of  potash  or  soda,  a  portion  of  sulphur  is  in  either  case  dissolved,  and 

numerous  sulphurets  are  generated,  the  exact  number  and  composition  of  which  have 

never  yet  been  determined.     To  these  combinations  of  sulphur  with  lime,  potash,  or 

soda  respectively,  the  designation  of  polysulphurets  has  been  applied,  a  term  indicative 

of  the  existence  of  an  indefinite  number  of  sulphurets.      These  poly  sulphuretted 

combinations  are  decomposed  when  poured  into  oqueous  hydrochloric  acid  (spirit  of 

j  salt).     General  turbidity  of  the  mixture  first  ensues ;  but  on  allowing  it  to  stand  at 

I  rest  for  some  time,  a  heavy  yellow  liquor  (bisulphuret  of  hydrogen)  sinks  to  the 

j  bottom,  and  may  be  withdrawn  by  syphonage.     The  substance  decomposes  when  left 

I  exposed  in  the  air,  or  when  acted  on  by  water ;  it  may,  however,  be  preserved  if  kept 

j  immersed  in  somewhat  concentrated  hydrochloric  acid. 


Equivalent  or  atomic  weight  .        .         .39*5 

Hitherto,  all  the  elementary  bodies  which  have  come  under  our  investigation  are 
such  as  we  find  around  us  in  large  proportions.  The  immense  quantity  of  oxygen 
existing  in  nature  has  been  already  noticed.  Nitrogen  and  hydrogen  exist  also  in 
large  proportions ;  and  sulphur  is  not  only  a  widely-spread  constituent  of  minerals,  but 
it  pervades  our  own  bodies,  and  also  the  greater  portion  of  the  aliment  we  consume. 
Selenium  comes  before  us  in  another  guise.  It  is  one  of  the  rare  substances  which 
nature  sparingly  produced  in  the  beginning ;  and  when  produced,  hid  it  mysteriously  in 
combination  with  rare  mineral  species,  apparently  with  no  other  intention  than  to 
confer  honour  on  tho  chemist  who  should  discover  it.  That  honour  fell  to  the  lot  of 
the  celebrated  Jacob  Berzelius,  who  discovered  it  in  1817. 

If  the  student  be  sufficiently  unwise  to  study  the  properties  of  selenium  before  he 
has  made  himself  acquainted  with  other  bodies  more  familiar  to  us,  and  more  useful, 
he  may  obtain  a  specimen  occasibnally  in  the  stores  of  those  who  deal  in  chemical 
curiosities ;  but  quite  as  well,  perhaps  better,  will  it  be  to  learn  aU  that  ho  wants  to 
know  concerning  selenium,  for  a  time,  from  the  description  now  to  be  presented. 

Bistort/  and  Natural  Sistort/. — Selenium,  so  called  after  a^xiivt],  the  moon,  for  the 
reason,  more  fanciful  than  philosophic,  that  it  had  been  mistaken  for  tellurium,  called 
after  Tellus,  the  earth ;  and  its  identity  with  tellurium  being  disproved,  it  was  named 
aftftr  the  earth's  satellite.  It  presents  many  points  of  similarity  to  sulphur,  and  in 
this  does  its  chief  interest  lie  ?  for  selenium  is  a  very  interesting  body,  notwithstanding 
the  chemical  student  has  been  advised  to  pass  it  over  for  a  time  with  a  casual  investi- 
gation. Ijike  sulphur,  it  can  exist  in  the  three  conditions  of  solid,  liquid,  and  gas. 
Like  sulphur,  it  forms  selenious  and  selenic  acids,  having  a  parallel  composition  to  the 
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Bulpburous  and  sulphuric.  Then,  again,  sclenie  acid,  like  ralphnric  acid,  forms  a  Tery 
insoluble  compound  with  bar3rta ;  and,  for  the  most  ipait,  the  cryvtaUine  cbaraeter  of 
scleniatcs  is  similar  to  the  crystalline  character  of  sulphates :  hence  they  are  said  to  be 
isomorphous.  Furthermore,  as  sulphur  unites  with  hydrogen  to  form  hydrosolphnric 
acid,  so  does  selenium  unite  with  that  element  to  form  hydroselenie  acid ;  and,  as  the 
former  dissolves  iu  water,  yielding  a  solution  which  ultimately  suffers  decompositian, 
attended  with  the  deposition  of  sulphur,  so  does  hydroselenie  acid  afford  parallel 
results.  All  these  points  are  very  curious  and  interesting,  bat  w»  mrust  not  expatiate 
further  upon  them. 

CULOBINB. 

Equivalent  or  atomic  wci^ 35 

Atomic  Bize  or  volume | 

Specific  gravity  in  gaseous  state 2*426 

UUtory  and  Sf/nonymes.—ChloTme  was  discovered  in  1774  by  Scheele,  who  teraicd 
it  dophlogisticatcd  marine  gas ;  subsequently  it  was  called  oxymuiiatic  acid,  £rom  the 
belief  that  it  was  a  compound  of  muriatic  acid  (hydrochloric  acid),  plus  oxygen.  To  our 
own  countryman,  Davy,  the  merit  is  due  of  pointing  out  its  true  nature,  and  referring 
it  to  the  list  of  simple  bodies.  The  modern  appellation  chlorine  is  very  expressive  and 
appropriate,  being  derived  from  x^^P^h  yellotciaJi-grun^  the  exact  tint  of  chlorine. 
Chlorine,  although  generally  obtained  as  a  gas,  may  bo  reduced  to  a  liquid  by  pressure 
alone  at  ordinarj-  natural  temperatures,  and  still  more  readily  by  the  simultaneous 
agency  of  cold. 

Preparation. — As  chlorine  does  not  exist  uneombined  in  nature,  the  chemist  procures 
it  artificially.  Nature's  great  reservoir  for  chlorine  is  common  salt  (chloride  of  sodhm), 
in  comparison  with  which  all  other  combinations  of  chlorine  are  insignificant.  Chlorine 
is  usually  prepared  by  one  of  two  processes  :  cither  by  distilling  a  mixture  of  peroxide 
of  manganese,  common  snlt,  and  oil  of  vitriol,  or  a  mixture  of  peroxide  of  manganese 
and  hydrochloric  acid.  The  second  operation  is,  perhaps,  less  fi^nently  perfonned 
than  the  first ;  but  as  the  decomposition  which  ensues  is  somewhat  the  more  simple^  it 
shall  first  receive  our  attention.    The  decomposition  is  as  follows : — 

i"  Chlorine is  evohred. 

Ilvdrocliloric  acid  .  .  .   ^  Chlorine 


^  \.  Dionne       .     .     .  \ 
(llydrogen)  | 

S  Water  r    - 


"Water  -  I*rotochloride 


Fn>m  an  examination  of  which  tchcmc  we  sec  that  the  results  of  this  deeowpositioii 
arc  protochloride  of  manganese,  water,  and  chlorine,  of  which  alone  the  latter  is 
gaseous  at  the  tcmponituT>c»  employed,  and  is  therefore  evolved.  In  symbdlie  natatkfl 
the  divompodtion  is  thus  represented : — 

MnO,  +  cue  =  MnC:  +  iHO  +  CL 

If  for  a  mixture  of  hrdnyhloric  scid  and  peroxide  of  mangaoMe  w«  snbstitiite  i 
n\^xt\m>  of  snlphnric  acid,  peroxide,  and  common  salt  (chloride  of  8o£nm),  the  dec««- 
1   p^>?ition  is  as  follow? :— 
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1  Chloride  of  ( 1  Chlorine 


wdium 


ii 


Sodium) 


Soda. 


^  Peroaide  oC  C 1  Oxygen )  ^""***\ 
manganese    (  I  Protoxide .  .      \ 

1  Sulphnric ^__ ^_.\ iil 

acid 


Sulphate  of  soda. 


1  Salphurio 

acid 


A    1  SnlphatocfpW)i<wide(protosTilphate) 
of  mangiuidie* 


A  decomposition  represented  hy  the  following  symbolic  notation : — 

XaCl  +  MnO,  +  2B0a  =  2^0  .  SO3  +  MnO .  SO,  +  CL 

Whichever  process  for  the  liberation  of  chlorine  be  adopted,  the  same  arrangement 

of  apparatus  wiU  suffice,  and  is  

represented  in  the  subjoined 
diagram,  the  nature  of  which 
U  80  obvious  that  few  words  of 
explanation  will  suffice.  A  com- 
mon Florence  flask  is  the  reci- 
pient of  oxide  of  manganese 
and  its  decomposing  associates, 
and  the  acid  by  which  decora- 
position  is  efEected  is  poured  in 
through  a  little  funnel,  passing 
well  down  into  the  contents. 
The  liberated  chlorine  may,  pro- 
bably, be  contaminated  with  a 
little  hyd!rochloric  or  sulphuric  acid,  and  should  thercfbro  be  washed  by  an  interposed 
bottle  containing  a  little  water ;  from  which,  finally,  by  means  of  a  properly-disposed 
tube  of  glass,  gutta-percha,  or  vulcanized  rubber,  it  may  be  e(mducted  under  the 
mouth  of  an  inverted  bottle  standing  over  tho  shelf  of  the  pneumatic  trough. 


CWLOlinnB  WITH  HVDXOCH:^  (HYDROCHtORIC  ACId). 

Equivalent  or  atomic  weight  ,        .        .        86 

Atomic  volume       ...  .        .  '        I 


Specific  gravity 1*2474 

Siatoi-y  and  Symnymes. — Hydrochloric  acid,  ift  its  pmre  Ot  gaseous  condition,  was 
discovered  by  Priestley  in  1772 ;  but  its  aqueous  solution,  kno^ini  as  muriatic  aeid  or 
spirit  of  salt,  has  been  prepared  from  times  of  great  antiquity. 

Frtparation — Process  1 :  The  readiest  moftos  of  preparing  hydrochloric  acid  gas 
consists  in  the  application  of  heat  to  its  strong  aqueous  solution  ;  in  other  words,  spirit 
of  salt  or  muriatic  acid  of  tho  shops.  This  is  how  it  was  originally  prepared  by 
Priestley ;  the  process,  however,  not  htiag  instructive  as  regards  the  composition  of 
hydrochlorio  acid,  I  will  now  proceed  to  describe  others. 
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Process  2.  Hydrochloric  acid  gas  may  bo  synthetically  formed  by  the  combustion 
of  hydrogen  and  chlorine  mixed  in  equal  volumes.  The  combustion  may  be  effected 
either  by  means  of  the  electric  spark,  or  flame,  or  a  red-hot  body.  Spongy  platinum 
and  solar  light  also  produce  a  similar  result.  Chlorine  and  hydrogen  mixed  in  the 
proportions  necessary  to  generate  hydrochloric  acid  may  be  retained  in  contact  without 
union,  provided  light  of  the  sun  be  excluded.  If  diffuse  solar  light  be  admitted,  the 
combination  ensues  gradually ;  but  if  the  light  be  direct,  the  result  is  combustion. 
According  to  Mr.  Brande,  the  light  of  two  charcoal  points  ignited  by  yoltaic  electricity 
produces  a  similar  effect. 

This  process  of  generating  hydrochloric  acid  gas  is  but  of  slight  use  in  practice. 
Theoretically,  however,  it  is  most  interesting  and  important.  Not  only  does  the 
operation  teach  us  that  hydrochloric  acid  is  the  result  of  direct  union  between  hydrogen 
and  chlorine,  but  it  teaches  us  the  ratio  of  that  union,  and,  in  addition,  makes  us 
acquainted  with  the  important  fact  that  the  union  is  attended  with  no  condensation. 
From  this  latter  circumstance  it  follows  that  the  atomic  size  of  hydrochloric  acid  must 

be  equal  to  two  volumes,  or  I       I       I ;  as  it  is,  indeed,  represented  at  the  commence- 
ment of  our  description. 

It  is  important  to  remember,  in  connection  with  the  preceding  operation,  that  the 
hydrogen  and  chlorine  gases  employed  may  be  absolutely  deprived  of  aqueous  moisture, 
and,  as  a  consequence,  of  oxygen.  Hence  it  follows  that  hydrochloric  acid  gas  must  be 
devoid  of  oxygen.  At  this  epoch  of  chemistry  it  would  be  scarcely  necessary  to  impress 
this  fact  on  the  learner's  mind,  except  for  the  circumstance  that  the  theory  was 
once  strenuously  maintained  that  muriatic  acid  (hydrochloric)  contained  oxygen  as  a 
necessary  constituent. 

Process  3.  By  the  distillation  of  dry  common  salt,  mixed  with  a  sufficient  quantity 
of  strong  oil  of  vitriol  to  convert  it  into  a  thick  paste.  In  conducting  this  operation^ 
the  common  salt  should  be  powdered,  thrown  into  the  distillatory  vessel,  and  the 
necessary  quantity  of  sulphuric  acid  added.  A  due  pasty  consistence  may  be  imparted 
by  merely  shaking  the  flask  or  retort  in  which  distillation  is  conducted.  For  the 
present  operation  a  Florence  flask  answers  perfectiy  well ;  and  I  shall  now  proceed  to 
indicate  a  contrivance  by  which  it  may  be  adapted  to  our  present  wants  with  extreme 
ease. 

Wlien  a  flask  is  made  to  perform  the  function  of  a  retort  in  distillatory  operations, 
the  usuril  plan  of  operation  consists  in  supplying  it  with  an  accurately-fitting  coilc, 
perforated  so  as  to  admit  of  a  bent  glass  tube.  The  £istidious  craving  of  tobacco 
smokers  for  new  contrivances  has,  however,  brought  into  the  market,  under  the  name 
of  riilf'anizz'd  rttbher  mouth-pieces,  a  contrivance  admirably  adapted  to  abridge  the 
trouble  of  chemists  in  this  and  numerous  other  operations. 
The  mouth-pieces  in  question  are  elongated  tubes  of 
vulcanized  rubber^  as  represented  in  the  annexed  sketch 
(Fig.  A) .  One  of  these,  having 
its  large  orifice  moistened,  may 
be  readily  adapted  to  a  distil- 
latory flask  by  drawing  it  over 
T;  J.  A.  ^g  mouth  of  the  latter,  as  in 

Fig.  B ;  and  a  piece  of  glass  tube  being  thrust  into  the  Fig.  B. 

smaller  extrx^siity,  a  great  deal  of  trouble  in  the  way  of  cork-boring  and  tube-adapting 
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is  saved.  Hydrochloric  acid  gas  does  not  admit  of  being  collected  over  water,  inas- 
much as  this  liquid  absorbs  it 
with  great  rapidity.  It  must 
be  collected  over  mercury,  or 
by  displacement.  The  latter 
process  servos  well  enough  for 
all  ordinary  occasions,  and  the 
complete  method  of  conducting 
the  operation  is  represented  in 
the  annexed  woodcut. 

The  decomposition  which 
ensues  in  performing  the  pre- 
ceding operation  is  as  fol- 
lows :— 

Chloride  of  sodium  (  ^^^"^® ^Hydrochloric  acid. 

(common  salt)      l^^^ 


Concentrated  oil  of 
vitriol 


Water 


Sulphuric  acid 


Sulphate  of  soda. 


Or,  in  chemical  symbols,  the  decomposition  stands  thus  : — 


NaCl  +  SO3  -f.  HO  =  NaO .  SO3  -f  HCl. 

Propertiet — Hydrochloric  acid  gas  is  colourless  and  exceedingly  pungent.  It  is 
absorbed  by  water  with  violent  rapidity,  the  result  being  hydrate  of  hydrochloric  acid 
(the  muriatic  acid,  or  spirit  of  salt,  of  the  shops).  Owing  to  this  violent  tendency  to 
unite  with  water,  hydrochloric  acid  gas,  though  itself  colourless,  generates  dense 
fames  when  allowed  to  escape  into  the  air ;  thus  proving  that  the  atmosphere,  even  in 
states  of  weather  the  most  dry,  contains  variable  amounts  of  aqueous  vapour.  Still 
more  white  and  dense  are  the  fumes  which  result  when  hydrochloric  acid  gas  is 
brought  into  contact  with  gaseous  ammonia,  because  of  the  hydrochlorate  of  ammonia 
(sal-ammoniac)  formed.  All  burning  bodies,  when  introduced  into  a  vessel  containing 
hydrochloric  acid  gas,  are  extinguished,  and  the  gas  itself  cannot  be  made  to  inflame. 
Its  specific  gravity  being  1*2474,  and,  therefore,  the  gas  being  heavier  than  atmospheric 
air,  it  may  be  collected  by  downward  displacement,  as  I  have  already  described. 

Aqueous  Solution  of  Hydroehhrie  Acid  {Spirit  of  Salt). — This  is  a  very  useful  com- 
pound in  the  laboratory  and  the  manufacturing  arts.  It  is  prepared  by  a  slight 
modification  of  the  process  employed  for  the  generation  of  hydrochloric  acid  gas — that 
is  to  say,  the  same  materials  are  employed,  with  the  addition  of  water.  A  portion  of 
the  water  should  be  mixed  with  the  oil  of  vitriol  and  common  salt,  another  portion 
being  poured  into  a  series  of  Woulfes  bottles,  and  the  whole  connected  as  repre- 
sented on  the  following  page. 

As  regards  the  quantity  of  water  to  be  employed  in  the  preceding  operation,  and 

its  disposition,  the  following  remarks  are  to  be  attended  to.    The  flask,  instead  of 

containing  concentrated  oil  of  vitriol  and  salt,  should  be  charged,  in  addition  to  the 

salt,  with  a  mixture  of  three  parts  oil  of  vitriol,  by  weight,  and  one  part  of  water. 

I  The  first  Woulfes  bottle  in  the  series  should  contain  just  enough  water  to  hold  in 
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solation  any  tnoes  of  tulphuriG  acid  which  toaj  come  over.  The  tiro  saoo 
Woulfes  bottley  are  aboat  two-thirds  filled  with  water,  and  their  function  is  e\ 
Their  aqueous  ooBtenie  beoomc  gradually  chargod  with  hydrochloric  acid  ga 
may^be  put  aside  tor  use. 


Although  I  have  descifbed  the  process  for  cooductiog  the  manufacture  of  sp 
salt  on  the  small  scale,  yet  experimental  chemiitB  but  seldom  make  it.  The  eom 
*  is  prepared  more  cconomioelly  on  the  large  aoale,  being  employed  in  many  ind^ 
arts,  Neyerthelesa^  aa  iron  Teasels  enter  into  the  apparatus  iot  its  roannfantiire  * 
large  scale,  the  resulting  fluid  is  never  pure.  Instead  of  haying  a  light  atrawK 
as  the  pure  acid  should,  it  is  more  or  less  yellov,  owing  to  the  presenee  of  chloi 
iron  and  free  chlorine.  In  addition  to  ^ose  sources  of  impurity  it  ailso  oo 
traces  of  sulphuric  and  sulphurous  acida,  for  which  reason  its  purification  is  a  net 
before  employment  in  conducting  any  deLLoate  operation.  The  method  of  puriQ 
is  as  follows : — First  determine  whether  free  chlorine  be  present  by  pouring  a  li 
the  suspected  acid  into  a  test  tube,  and  immersing  a  fragment  of  gold-leaf; 
latter  dissolve,  the  acid  is  contaminated  by  free  chlorine ;  if  the  gold  remain  inti 
free  chlorine  is  present  It  must  be  remembered,  however,  that  free  chlorine  ea 
exist  in  solution  of  hydrochloric  acid  very  recently  prepared,  inasmuch  as  oh 
when  brought  into  prolonged  contact  with  water,  decomposes  the  latter,  and  be 
converted  into  hydrochloric  acid.  If  sulphurous  acid  be  preaent,  it  should  be  eon 
into  sulphuric  acid,  by  the  addition  of  that  which  we  have  just  been  engaged  in 
away— chlorine.  Chlorine,  when  passed  through  an  aqueous  solution  cont 
sulphurous  acid,  speedily  eonverts  the  latter  into  sulphuric  acid  by  the  deoomp( 
of  water,  as  represented  by  the  aooompanying  diagram ; — 

Chlorine Hydrochloric  acid 

Water      '""" 

Sulphurous  acid 

We  next  have  to  deal  with  the  sulphuric  acid.  This  may  bo  separated  by  i 
careful  distillation ;  but  a  better  plan  consists  in  adding  su£Qlcicnt  chloride  of  k 
to  e£Eect  its  complete  precipitation.    The  impure  spirit  of  salt  having  been  tna 


{Hydrogen. 


.uric  acid 
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Lbed,  is  next  to  be  subjected  to  distillation,  when  pure  aqueous  solution  of 
)cliloric  acid  alone  comes  OYcry  chloride  of  iron  and  sulphate  of  baryta  being  left 
id.  Care  should  be  taken  to  conduct  the  distillatory  process  very  gently,  and  to 
before  the  residue  in  the  flask,  or  retort,  has  beoome  nearly  dry,  otherwise  a 
chloride  of  iron,  which  is  somewhat  volatile  at  high  temperatures,  might  come 
and  contaminate  the  product. 

:  is  frequently  desirable  to  know  the  percentage  amount  of  real  hydrochloric  acid 
specimen  of  spirit  of  salt.  This  may  be  exactly  ascertained  by  learning  the 
tity  of  marble  (carbonate  of  lime^  which  it  can  dissolve.  The  results  of  a  series 
ese  operations,  however,  have  been  tabulated ;  and  a  reference  to  the  table  in 
ion  is  far  more  readily  accomplished  than  a  performance  of  the  operation :  for 
reason  I  append  a  tabulated  statement  of  this  kind. 

Atoms  of  Atoms  of  Real  acid  in  Speoffie 

Acid.  AYater.  100  of  the  liquid.  grayitjr. 

1-203 

1179 

1162 

1149 

1139 

11285 

11197 

11127 

11060 

1-1008 

10960 

10902 

1-0860 

10820 

1-0780 

Feiis  for  SydrocJUoric  Acid.—l  shall  conflne  myself  to  a  discussion  of  the  tests  of 
roohloric  acid  in  aqueous  solution,  the  characteristics  of  the  gas  having  been 
ciently  described  already.  Hydrated  or  aqueous  hydrochloric  acid  (spirit  of  salt)  is 
[uid  manifesting  the  peculiar  pungent  odour  of  the  gas.  It  is  devoid  of  bleaching 
>ertieB,  and  thus  may  be  readily  distinguished  from  an  aqueous  sobition  of  chlorine ; 
her  will  it,  like  aqueous  solution  of  chlorine,  dissolve  gold-leaf.  Nitrate  of  silver 
ds,  when  brought  into  contact  with  it,  a  white  flocculent  precipitate  (chloride  of 
&r),  not  soluble  in  nitric  acid,  but  readily  soluble  in  ammonia. 
Niiro'/iffdrochlorie  Acid  {Aqua^regia). — A  mixture  of  two  parts  by  measure  of  strong 
it  of  salt  with  ono  port  by  measure  of  strong  aquafortis,  constitutes  a  liquid  to 
ch  the  designation  aqua-rcgia  has  been  appUed,  owing  to  the  property  it  has  of 
olving  gold.  Aqua-regia^  nitro-muriatic,  or  nitro-hydroohlorie  acid,  is  not  a 
tnioal  compound.  Ko  combinations  of  it  with  bases  are  known ;  but  the  results  of 
als  dissolved  in  it  are  simply  ehhridet.  The  solvent  agency  of  aqua-regia  depends 
tly  upon  chlorine,  which  is  liberated  from  hydrochloric  acid  whenever  a  solution  of 
latter  in  water  is  brought  into  oontact  with  nitric  acid. 
Compounds  of  Chlorine  wiih  Oj^^wi.-— There  are  five  well-known  compounds  of 


Atoms  of 

Real  acid  in 

AVater. 

lOOoftheUquid 

6 

40*659 

7       .       . 

37000 

8 

33-945 

9 

31-346 

10 

29  134 

11 

27-206 

12 

26-517 

13 

24-020 

14 

22-700 

15 

21-612 

16 

5M)-442 

17 

19-474 

18 

18-590 

19 

17700 

20 

17-051 

HYFOCSXOKOUa  AdD. 


(ihlorme  witk  oiygen,  and  tha  eiiatenoe  of  Q^era  is  saapectcd. 
are  aa  follow : — 

1.  HviKwMortiiifi  i^id  (eucModne)        .  « 

2.  GhlopoTia  acirl  (protoxide  of  chlorine) 

3.  IljpoqHonc  acid  (peroadde  of  chlorine) 

4.  Chloric  acid  .  .  .  . 
6,  Perchloric  aeid         ,            .            .  . 


Tho  fire  compounds 

ao 

C1.04 
CL05 

C1.07 


43 

u 


2-^92 


HrpocHLoaori  acw. 
Atomio  weight     .  .  ,  .  . 

Atomic  ii^o  ..... 

Specific  gravity  .  .  ,  , 

TMfl  eompoimd  was  di«jOYcred  by  Sir  H,  Davy  in  IB  11.    Ho  gave  to  it  the  name 

of  euehbrinct  and  prepared  it  by  th©  addition  of  hydratcd  hydrochloric  acid  (spirit  of 

salt)  to  chlorate  of  potash.     It  ia  impoisihle,  however^  to  generate  hypocWorous  add 

pure  hy  this  meatia.     The  method  of  obtaining  it  absolutely  pmr©  h  aa  follows : — 

Chlorine  being  liberated  in  tho  llask  Af  ia  washed  in  the  Woulfcs  bottle  B,  to  eSeet 

the  separation  of  hydriD- 
V  chloric  or  siilphuric  acid^ 
and  is  then  passed  through 
fragmetits  of  chloride  of  cal- 
cmTOj  contained  in  tho  U- 
tabe  {f)t  and  finally  through 
peroxide  of  merciiry  in  tha 
tube  fl  £j  where  the  hypo- 
chlorous  acid  is  generated, 
and  passing  on  is  received 
in  a  U-tube^  tnaintalned  cod 
by  a  mixture  of  ice  aud  ^t- 
In  order  to  avoid  complita- 
tion  in  the  diagram,  one  important  particvilar  has  not  been  taken  cognizanco  of:  the 
tube  a  h  should  he  lUflintained  cool  by  a  constant  streaoi  of  cold  water.  It  is  well, 
ihercforei  to  surround  it  with  a  metallic  sheath  after  the  manner  of  tho  Ltebig 
distillatory  apparatus,  already  described  in  pages  303,  304. 

Prfjpcr^rca.'—Hypochloroua  acid  thus  prepared  is  an  orange- coloured  volatile  liquid, 
endowed  with  strong  hlcaehlng  properties,  and  readily  dccompoaahle  by  the  agency  of 
sufficient  heat.  It  boils  at  a  temperature  of  about  36 "^  Fah.  tinder  the  ordiaary 
atmospheric  pressure.  Water  dissolves  about  two  huudred  times  its  own  volume  of 
hypoeblorous  add,  tho  colour  of  which  it  aBsimie:^,  as  also  Its  hleacbing  properties. 

A^tteims  S&lHtitm  of  ITypothhTGus  A.cid  and  its  Oumpounds, — If  a  current  of  chlorine 
bo  transmitted  through  a  weak  solution  of  an  alkali  or  an  alkaline  earth,  productsj 
some  of  which  ore  known  in  commerce  aj  chlorides  of  the  alkalies  or  alkaline  earths, 
result.  Thus  wc  have  the  so-termed  chloride  of  soda  and  of  lime.  They  are  not 
chlorides,  however,  but  mixtures  respectively  of  a  chloride  with  a  bypocblorit&*-tbat 
ia  to  say  J  a  direct  union  of  chlorine  witJi  a  base  radical,  and  of  hypoehlorous  add 
with  a  base,  Thus^  for  example,  in  the  case  of  potash,  through  which,  a  cummt  of 
chlorine  has  been  transmitted,  the  decomposition  is  of  the  following  kind  : — 
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1  Potflfih    i  ^  Potassium 7I  Chloride  of  potassium 

(1  Oxygen     y/ 


1  Chlorine- 


}  CMomu>  MHypocMoroMacidj  ^  Hypochlorite  of  potaah 

Or  in  chemical  symbolic  notation  thus : — 

2K0  +  2a  =  KO.CIO  +  Ka 

These  alkaline  and  earthy  mixtures  of  chlorides  and  hypochlorites  constitute 
valuable  bleaching  compounds,  which  are  much  employed  in  various  arts.  Their 
bleaching  agent  is  hypochlorous  acid,  which,  however,  does  not  admit  of  being 
Uberated  from  them  without  decomposition,  and  collected  separately.  Aqueous 
solution  of  hypochlorous  acid  may  be  procured  by  pouring  into  a  large  flask  containing 
chlorine,  a  mixture  of  peroxide  of  mercury,  and  water,  rubbed  up  into  a  thin  paste.  The 
chlorine  is  immediately  absorbed,  and  two  distinct  compounds  result— oxy chloride  of 
mercury,  which  is  insoluble  in  water,  and  hypochlorous  acid,  which  is  soluble  in  that 
liquid ;  we  have,  therefore,  a  ready  means  of  obtaining  hypochlorous  acid  in  aqueous 
solution. 

Chloroita  Acid, — The  existence  of  this  acid  is  well  established ;  but  as  it  is  not 
applied  to  any  important  use  its  full  description  may  be  omitted. 

HTPOOHLOBIC  ACID. 

SUtoty  and  J^nont/mes. — ^This  compound  was  discovered  by  Sir  H.  Davy  in  1815, 
and  very  shortly  after  by  Count  Stadion  of  Vienna.  It  was  originally  called  peroxide 
of  chlorine,  but  is  at  this  time  more  generally  termed  hypochloric  acid,  perhaps  some- 
vrhat  incorrectly,  inasmuch  as  its  claims  to  acidity  are  by  no  means  well  established. 

Preparation. — If  concentrated  oil  of  vitriol  be  added  to  a  few  fragments  of  chlorate 
of  potash,  decomposition  of  the  latter  ensues,  bisulphate  and  perchlorate  of  potash 
remaining,  and  hypochloric  acid,  which  is  gaseous  at  ordinary  temperatures  and  pressures, 
being  evolved.  It  is  possible  to  effect  the  decomposition  in  a  small  retort  by  the  aid  of 
a  water  bath,  and  to  collect  the  hypochloric  acid  evolved ;  but  I  would  by  no  means 
recommend  the  operator  to  be  concerned  in  so  dangerous  an  experiment.  Hypochloric 
acid  is  yery  explosive,  and  its  explosion  is  attended  with  much  danger.  The  operator, 
therefore,  had  better  content  himself  with  decomposing  a  few  frag^entfi  of  chlorate  of 
potaah  in  a  test  tube,  by  the  addition  to  them  of  a  few  drops  of  strong  oil  of  vitriol. 
Hypochloric  acid  under  ordinary  atmospheric  pressures  and  temperatures  is  a  ruddy 
gas,  of  exceedingly  irritating  odour  and  explosive  character.  Subjected  to  the  cold 
produced  by  a  mixture  of  ice  and  common  salt,  it  liquefies  into  an  orange-coloured  fluid, 
which  boils  at  about  36°  Fah. ;  and  at  a  temperature  considerably  short  of  212°  Fah. 
(the  boiling  point  of  water)  it  explodes. 

CHLOBIC  ACID. 

History^  Synonymef,  and  General  Remarks. — The  existence  of  this  acid  was  first 
indicated  by  Mr.  Chenevix ;  but  the  credit  of  isolating  it  and  obtaining  it  in  a  pure 
condition  is  due  to  M.  Gray  Lussac.  The  salts  which  it  forms  with  bases  are  termed 
chlorates,  but  formerly  hyper-oxy-muriates.  The  general  similarity  which  obtains 
between  chlorates,  nitrates,  iodates,  and  bromates,  has  already  been  adverted  to. 

Freparation.—GbloriQ  acid  is  most  conveniently  prepared  from  chlorate  of  baryta, 
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from  which,  on  the  addition  of  sulphuric  acid,  all  the  baryta  may  be  ieparated  in  the 
condition  of  sulphate  of  baryta,  leaving  the  unconibined  chlorie  acid  in  solution. 
Aqueous  solution  of  chloric  acid  may  be  concentrated  by  simple  heat  until  the  acid 
acquires  the  consistence  of  a  thin  syrup ;  if  the  heat  be  pushed  beyond  Uiis  x>oint 
decotnposition  of  the  acid  ensuoB.  The  results  of  decomposition  are  chlorine,  oxygen, 
and  perchloric  acid — that  is  to  say,  a  portion  of  the  oxygon,  ii?tft^M>^  of  being  liberated^ 
combines  with  a  portion  of  chloric  acid,  and  raises  it  to  the  higher  state  of  oxygenation. 
Perchloric  acid  will  be  described  hereafter. 

Properties. — llie  most  leading  peculiarity  of  chloric  acid  and  the  ohlomtes  is 
dependent  on  the  facility  with  which  they  evolve  oxygen.  In  this  respect  the  ftnalogy 
between  chloric,  nitric,  iodic,  and  bromic  acids— chlorates,  nitrates,  iodates,  and 
bromates— is  perfect  If  pieces  of  paper  be  dipped  into  etrong  chloric  acid,  and  dried, 
they  take  fire ;  if  mixed  with  alcohol,  the  latter  is  converted  intx>  aeetio  acid :  if 
sulphurous  acid  be  transmitted  through  it,  sulphuric  acid  is  generated,  and  chlorise 
evolved.  The  most  important  salt  of  chloric  acid  is  chlorate  of  potash,  a  substance 
which  has  frequently  come  under  our  notice  as  a  source  of  oxygen.  It  refoains  now  to 
state  the  process  by  which  chlorates,  combinations  of  chloric  acid  witti  bases,  are 
formed  in  practice.  They  may  be  formed  by  the  direct  addition  of  chloric  acid  to  the 
required  base ;  but  it  has  already  been  stated  that  chloric  acid  is  obtained  from  a 
chlorate  :  hence  the  latter  must  precede  the  former  in  the  routine  of  actual  produedon. 

The  great  sources  of  chloric  acid  and  the  chlorates  arc  strong  alkaline  solutions 
treated  with  chlorine  ;  of  these,  a  strong  solution  of  potash  is  of  greatest  importance, 
and,  under  the  circumstances  indicated,  the  decomposition  is  as  fc^ows : — 

5  PotashTs  oiyg^n ^i:^  Chloric  acid}  ^  Chlorate  of  potash 

1 5  Potassium  N 


1  Chlorine .  .  .  .-^ 

6  Chlorine ^5  Chloride  of  potasaiuxn 

Or  in  chemical  symbolic  notation  thus  : — 

6C1  +  6K0  =  oKCl  +  K0.C105. 
From  a  study  of  which  it  will  be  seen  that  when  six  equivalents  of  chlorine  react  on 
six  equivalents  of  potash,  the  results  are  one  equivalent  of  chlorate  of  potash  and  five 
of  chloride  of  potassium  :  of  these  products,  the  chlorate  of  potash  crystallizes  at  a  lev 
degree  of  concentration  than  the  latter,  and  thus  an  easy  means  is  fuzniahad  id 
separating  the  two. 

PEHCHLORIC  ACID. 

Hittori/  and  Gffieral  Btmarkt. — ^This  compound  of  chlorine  and  oxygen  was  dis- 
covered by  Count  Stadion  of  Vienna,  who  also  determined  its  compositiggi  to  be  seven 
equivalents  of  oxygen  united  with  one  of  chlorine.  Perchloric  acid  is  not  only 
interesting  on  account  of  the  large  amount  of  oxygen  it  contains,  but  it  is  very  useful 
in  the  course'of  analysis,  as  furnishing  a  good  means  of  ejecting  the  disonmination 
and  separation  of  potash.  This  is  accomplished  by  virtue  of  the  remodkablj  inaolnhle 
salt  (perchlorate  of  potash)  which  results  from  the  combination  of  perchloric  add  with 
the  alkali  in  question. 

Prcparati<m.—Bj  distilling  perchlorate  of  potash  at  a  temperature  of  about  284' 
Fah.,  and  mixed  with  half  its  weight  of  sulphuric  acid,  diluted  with  about  one-third  of 
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vtter.  Thofl  tieaied,  irliite  Tapoun  arise  from  tiie  retort;  and  when  condeoMd  in  a 
leoetFer  fay  the  proper  application  of  cold^  they  yield  «  solution  of  perchloric  acid. 
Perchloric  acid,  notwithstanding  the  large  amount  of  oxygen  it  contains,  is  not  easily 
decomposed.  It  may  he  concentrated  hy  heat,  until  it  acquires  a  density  of  1*65,  and 
hy  mixture  with  strong  sulphuric  acid  and  dutillatloa  it  may  he  even  ohtained  in  the 
conditioii  of  a  solid. 

Ferchlorate  of  Potash. — "Wo  have  already  aecn  that  perchloric  acid  is  obtained  hy 
distilling  perchlorate  of  potash  with  sulphuric  acid ;  in  reality,  therefore,  the  manu- 
£iicture  of  perchlorate  of  potash  must  precede  that  of  perchloric  acid. 

Under  the  head  of  Jiypochloric  acid,  otherwise  denominated  peroxide  of  chlorine,  the 
reader  has  heen  informed  that  when  sulphuric  acid  ifi  added  to  chlorate  of  potash, 
hypochloric  acid  is  evolyed,  and  two  traits — perchlorate  of  potash  and  hisulphate  of 
potash — ^remain.  I  have  also  stated  (page  362)  that  perchlorate  of  potash  is  a  very 
insoluble  salt;  it  follows,  therefore,  that  the  perchlorate  may  be  readily  separated 
from  the  hisulphate  by  the  process  of  washing ;  such,  indeed,  is  the  method  adopted. 
A  very  natural  question  now  probably  suggests  itself  to  the  experimentalist : — ^If 
perchloric  acid  be  obtained  from  perchlorate  of  potash,  and  if  the  latter  be  a  collateral 
result  of  the  preparation  of  hji/pocldoric  acid — ^how,  considering  the  violently  explosive 
qualities  of  the  latter,  can  perchlorate  of  potash  be  generated  in  any  quantity  with 
safety  ?  The  best  method  of  proceeding  is  as  follows :— Pour  the  necessary  quantity  of 
sulphuric  acid  into  a  fiat  porcelain  dish,  and  drop  in  the  chlorate  of  potash,  finely 
powdered,  by  small  quantities  at  a  time,  having  previously  taken  the  precaution  of 
affixing  the  sieve  to  the  extremity  of  a  long  pole.  In  tlus  way  large  quantities  of 
perchlorate  of  potash  may  be  made  without  danger. 

It  is  also  possible  to  obtain  perchlorate  of  potash  in  another  manner;  but  the 
operation  requires  great  attention  to  seize  the  right  instant  at  which  to  withdraw  the 
source  of  heat.  When  chlorate  of  potash  is  exposed  to  heat,  wo  have  already  seen 
(page  283)  that  oxygen  gas  is  evolved,  and  chloride  of  potassium  is  left  behind. 
Notwithstanding  this  final  result,  a  great  quantity  of  the  chlorate  is  converted  inter- 
mediately into  the  perchlorate  of  potash,  a  change  which  may  be  known  to  have 
happened  by  the  contents  of  the  cUstillatory  vessel  acquiring  a  certain  pasty  consistency, 
and  the  cessation,  for  a  time,  of  the  delivery  of  oxygen.  If  the  source  of  heat  be 
removed  directly,  the  change  in  question  is  noticed :  a  large  quantity  of  perchlorate  of 
potash  may  he  obtained  from  the  saline  contents  of  the  flask  or  retort.  The  major 
portion  of  the  hisulphate  of  potash  admits  of  removal  by  a  small  quantity  of  hot 
water,  which  may  be  so  apportioned  that  very  little  of  the  persulphate  of  potash  is 
acted  upon.  Final  purification  of  tho  perchlorate  may  be  effected  by  dissolving  the 
whole  solid  remnant  in  a  sufficient  quantity  of  boiling  water,  and  allowing  the  solution 
to  cool.  During  the  cooling  process  the  perchlorate  of  potash  crystallizes,  on  account 
of  its  insolubility,  and  the  hisulphate  remains  in  solution. 

Combinations  of  Chlorine  with  Sulphux.— Tho  union  of  chlorine  with 
sulphur  may  be  readily  accomplished,  giving  rise  to  several  chlorides ;  of  these,  two — 
the  protochloride  and  the  dichlorido— have  been  especially  studied.  Their  respective 
compositions  arc  as  follow : — 

Chlorine.     Sulphur. 
Protochloride  of  sulphur  ....         1  1 

Bichloride  of  sulphur 1  2 

Both  these  are  generated  hy  bringing  heated  sulplnir  into  contact  with  free  chlorine. 
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If  chlorine  be  in  exceBs,  the  protochloride  results ;  if  sulphur,  the  result  is  the  dichloride. 
None  of  these  chlorides  of  sulphur  are  of  sufficient  importance  to  warrant  further 
description. 

CHLOBIITE   WITH  MTmOOEN. 

Only  one  combination  of  chlorine  with  nitrogen  is  known.  Its  composition  is  indi- 
cated by  the  formula  NCI3 ;  it  may,  therefore,  be  denominated  terchloride  of  nitrogen. 

History  and  General  Remarks, — ^Terchloride  of  nitrogen  was  discovered  by  M. 
Dulong  in  1811,  and  possesses  interest  on  account  of  the  extreme  yiolence  of  its  ex- 
plosive properties.  In  point  of  fact,  it  is  the  most  dangerously  explosiye  compound 
known  to  chemists. 

Preparation, — Terchloride  of  nitrogen  is  generated  by  the  mutual  action  of  chlorine 
on  a  solution  of  ammoniacal  salt.  For  this  purpose,  a  solution  of  hydrocblorate  of 
ammonia  (chloride  of  ammonium,  or  sal-ammoniac)  is  generally  employed,  and  the 
safest  plan  of  generating  the  dangerous  compound  is  as  foUows : — 

Take  a  piece  of  sheet-lead,  about  fourteen  inches  square ;  bend  up  its  edges  so  as  to 
form  a  shallow  dish  capable  of  holding  about  a  quart  of  strong  solution  of  sal-ammo- 
niac, heated  to  about  60°  Fah.  Before  the  dish  is  used,  it  should  be  moistened  with 
strong  oil  of  yitriol,  and  made  hot  oyer  a  few  pieces  of  burning  charcoal ;  then  it 
should  be  well  washed  with  distilled  water,  but  not  wiped,  nor  should  it  be  touched 
internally  either  by  the  hand  or  any  other  body ;  finally  an  absolutely  clean  glass  jar, 
containing  chlorine  gas,  should  be  inverted  in  the  leaden  dish  containing  the  solution 
of  ammoniacal  salt,  and  the  whole  allowed  to  stand  at  rest  until  the  formation  of  oily- 
looking  globules  are  observed.  These  globules  are  the  dangerous  terchloride  of 
nitrogen,  which  are  heavier  than  the  generating  solution,  and  will  consequently 
sink  down  on  the  leaden  plate,  where  they  had  better  be  allowed  to  remain.  Direc- 
tions arc  given  in  some  books  for  effecting  dicir  removal  by  means  of  a  glass  syringe 
having  a  narrow  beak.  The  operator  had  far  better  leave  this  untried,  and  content 
himself  with  exploding  the  terchloride  in  the  leaden  dish  whilst  still  surrounded  with 
liquid.  For  this  purpose,  he  removes  the  glass  receiver  carefully,  places  the  dish  at  a 
respectful  distance  from  his  person,  and  touches  the  globules  of  terchloride  with  the 
oiled  extremity  of  a  long  stick.  Violent  explosion  is  the  result  of  this  treatment,  and 
the  leaden  dish,  if  not  broken,  will  be  considerably  twisted  and  distorted.  Terchloride  of 
nitrogen  immediately  explodes  on  being  brought  into  contact  with  fixed  oils,  and  the 
general  run  of  substances  to  which  the  term  dirt  may  be  applied ;  hence  the  necessity 
of  scrupulously  cleansing  the  glass  jar  used  in  its  preparation.  It  is  not  exploded,  how- 
ever, by  contact  with  oil  of  vitriol ;  and  since  hot  oil  of  vitriol  destroys  fixed  oils, 
the  rationale  of  our  lead-cleansing  operation  will  be  obvious. 

BBOMINB. 

Atomic  weight       ,  .  .80 

Atomic  volume   '  .  *  I 

History,  Etymology,  and  General  Remarks.— Brovcaxie  was  discovered  in  1826  by 
M.  Balard  in  sea- water  from  which  common  salt  had  been  deposited  by  evaporation. 
It  is  very  similar  in  properties  and  general  relations  to  chlorine ;  than  which,  howeyer, 
it  is  less  energetic,  and  consequently  may  be  displaced  from  its  combinations  by  that 
clement.  Bromine,  under  ordinary  atmospheric  pressures  and  temperatures,  is  a  ruddy^ 
thick  liquid.     At  a  temperature  of  about  oS**  Fah.  it  boils,  and  when  cooled  down  to 
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—  68*^  Fah.  it  freezes.     The  appeUation  bromine  is  derived  from  Bp&fiosy  gravwlmtia^ 
because  of  its  strong  disagreeable  odour. 

Preparation, — It  has  been  already  mentioned  that  bromine  was  obtained  from  sea- 
water  from  which  common  salt  had  been  separated.  The  state  of  its  existence  in  this 
liquid  is  in  combination  with  sodium,  magncsiiun,  and  some  other  bodies,  constituting 
various  bromides.  From  these  bromides,  bromine  is  immediately  obtained  by  an 
operation  precisely  similar  in  its  character  to  that  followed  in  the  preparation  of 
chlorine,  namely,  distillation  in  contact  with  peroxide  of  manganese  and  sulphuric 
acid. 

BROMINE  WITH   HYDROGEN   (hTDROBROMIC  ACID). 

Atomic  weight       .  .  .  .81 


Atomic  volume 


Specific  gravity  .  .273 

General  lUmarks.  —  The  only  kno^vn  compound  of  bromine  and  hydrogen 
is  the  product  of  the  imion  of  one  atom  of  each,  termed  hydrobromic  acid ;  it 
is  the  exact  analogue  of  hydrochloric  acid,  being,  like  this,  a  compound  of  one 
atom  of  each  constituent,  having  the  same  atomic  volume,  and  possessing  the  same 
general  relations. 

Preparation. — Inasmuch  as  hydrobromic  acid  is  the  analogue  of  hydrochloric  acid, 
theory  suggests  that  the  same  general  scheme  of  treatment  should  suffice  for  the  gene- 
ration of  both ;  practically,  however,  this  is  not  quite  the  case,  for  although  hydro- 
bromic acid  may  be  generated  by  heating  a  mixture  of  bromide  of  potassium  and  oil 
of  vitriol,  yet  the  result  is  never  pure,  being  contaminated  with  water  and  sulphurous 
acid,  as  is  illustrated  by  the  appended  diagram. 

Hydrobromicacid  jB~„;       ; 

\   Water 
Sulphuric  acid  {  tS^t:r^,^A    ^ 
Or,  in  chemical  symbols,  thus — 

HBr  +  SOa  =  SO2  +  HO  -h  Br. 

That  is  to  say,  no  sooner  is  the  bromide  of  potassium  decomposed,  and  its  hydrobromic 
acid  liberated,  than  a  portion  of  sulphuric  acid  still  continuing  to  react,  decomposes  a 
portion  of  the  hydrobromic  acid,  its  hydrogen  combining  with  oxygen  of  sulphuric  acid 
to  form  water,  and  its  bromine  being  set  free. 

Pure  hydrobromic  acid,  however,  may  be  obtained  by  decomposing  bromide  of 
phosphorus  in  contact  with  a  little  water.  The  reaction  is  represented  in  the  sub- 
joined diagram :— « 

Bromide  of  phosphorus    { l^^jj^onl^ry  ^^'^""^'^"^^ 


Water  /  Hydrogen 

\  Oxygen ^Phosphorous  acid 

Or  by  chemical  symbolic  notation  as  follows : — 

PhBrg  +  3H0  =  PhOg  -\-  3HBr. 
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The  genentioti  of  the  neoeesary  bromide  o€  pho^bonis  aad  the  prodmetion  of 

hydrobromic    acid    arc  usually  effected  by  otne 
operation,  as  follows : — 

A  glass  tube  moderately  thin,  and  having  an 
internal  diameter  of  about  half  an  inch,  is  bent,  as 
represented  in  the  annexed  cut.  To  one  extremity 
is  attached  a  plain  cork,  to  the  other  a  perforated 
cork,  with  small  glass  tube  attached.  A  small  piece 
of  phosphorus  is  first  dropped  into  the  bend  dj  and  some  fragments  of  glass  moist^ied 
with  water  are  added  in  sufficient  quantity  to  rise  some  distance  up  into  the  terminal 
leg  of  the  glass  tube.  Bromine  being  now  poured  into  the  bend  bj  the  cork  ataia 
replaced.  By  the  preceding  arrangement  we  obtain  a  distillatary  vessel  of  such  kind 
that  all  volatile  products  must  necessarily  permeate  the  moistened  glass  before  they 
can  escape.  If,  then,  heat  be  cautiously  applied  to  the  angle  b,  bromine  will  be 
volatilized,  and  coming  into  contact  with  phosphorus,  will  be  inunediatcly  converted 
into  bromide  of  phosphorus ;  but  no  sooner  is  the  bromide  of  phosphorus  generated 
than  passing  through  the  moistened  glass  it  is  decomposed,  as  represented  in  oar 
preceding  diagram,  into  phosphorous  acid  and  hydrobromic  acid ;  of  these  the  fbrmer  is 
at  once  dissolved  and  retained  by  the  aqueous  moisture,  allowing  the  hydrohnxnic  acid 
to  make  its  escape.    It  may  either  be  collected  over  mercury  or  by  displacement. 

Properties. — llydrobromie  acid  is,  under  common  temperatures  and  pressures,  a 
colourless  irritating  gas,  which  fumes  in  the  air  like  hydrochloric  acid  gas>  and  for  the 
same  reason.  Chlorine  immediately  decomposes  it  witii  the  formation  of  hydrochloiic 
acid  and  the  liberation  of  bromine ;  but  if  an  excess  of  chlonne  be  employ^!,  it  unitei 
with  the  liberated  bromine,  chloride  of  bromine  being  then  the  result. 

Combinations  of  Bromine  with  OaLygen. — Whether  there  be  more  than  one 
compound  of  oxj'gcn  and  bromine  is  not  well  determined ;  but  the  only  compound  of 
these  elements  meriting  our  attention  is  the  bromic  acid. 

Prcparatton.—  Bxomic  acid  is  prv.'pared  from  bromate  of  potash  by  a  precisely 
similar  treatment  to  that  employed  in  the  preparation  of  chloric  acid  from  chlorate  of 
potash,  and  the  latter  salt  is  generated  by  a  process  exactly  like  that  followed  in  the 
generation  of  chlorate  of  i>otash,  only  substituting  bromine  for  chlorine.  Bromic  acid 
is  the  analogue,  both  as  regards  composition  and  chemical  properties,  to  the  nitric, 
chloric,  and  iodic  acids.  Like  these,  each  equivalent  or  atom  contains  five  equivalents 
or  atoms  of  oxygen ;  and  its  salt^  like  those  of  the  other  acids  in  this  group^  deflag^te 
when  hron^t  into  c<mtact  witk  red-hot  charcoaL 

lODIXE. 

Atomic  weight 127*1 

Atomic  or  combining  volume  .  •      i       I 

Specific  gravity  of  solid  iodine  =      4-95 

Specific  gravity  of  iodine  vapour  =    8-716 

llision/^  jfcVy/i.-oi'iyjy,  oHd  Gemral  BnutrkB, — Iodine  was  discovered  in  the  year  1812, 
by  M.  Oourtoiss  a  sadtpetre  manufaetuxcr ;  but  M.  Gay  Lussac  and  Sir  H.  Davy  were 
the  first  to  study  its  prvtperties  intimately,  asid  to  refer  it  to  the  pcoper  place  in  ^m 
list  of  ehemioal  bi'>d:o?. 
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lodint^  at  ordinaiy  temperatures  and  preavures^  is  &  dark  coloured  solid  of  metallic 
crystalline  aspect,  not  unlike  black-lead  in  general  appearance.  It  fuses  at  225'*  Fah., 
and  boils  at  ^T  Fah.  Its  yapour  possesses  a  beautiful  violet  tint,  from  wbioli 
characteristio  the  appellation  iodine  is  deriyed  ('It^Si^s,  vMet'Coloured),  The  general 
similarity  of  iodine  to  chlorine  and  bromine,  has  already  been  remarked  at  pages  48-50. 

Fnparation. — Iodine  is  prepared  from  the  iodide  of  sodium,  potassium,  or  magne- 
sium, in  like  manner  as  chlorine  is  prepared  from  corresponding  chlorides  of  the  same 
metals;  in  other  -words,  by  subjecting  a  miztizre  of  the  iodide  with  peroxide  of 
manganese  and  sulphuric  acid  to  distillation.  Large  quantities  of  iodine  hare  been 
made  oonimercially  for  many  years  past :  the  source  of  the  iodides  subjected  to  decom- 
position is  the  lixiyiated  fluid  of  burnt  sea-weeds,  from  which  all  the  carbonate 
of  soda  luw  been  extracted  by  evaporation.  Formerly,  aU  the  carbonate  of  soda 
(common  soda)  of  commerce  was  obtained  either  from  the  lixiviated  ashes  of  the 
salsola  soda  (barilla  plant),  or  from  the  lixiviated  ashes  of  sea-weeds;  at  present, 
howewr,  it  is  more  economically  prepared  by  decomposition  of  sea-salt:  never- 
theless, sea-weeds  continue  to  be  burned,  and  their  ashes  lixiviated  for  the  iodine 
which  they  yield. 

Propertier, — In  addition  to  the  properties  of  iodine  already  enumerated,  there  is  a 
veiy  important  chemical  characteristic  by  which  it  may  be  distinguished  from  all 
other  substances :  it  colours  starch,  blue.  The  test  is  very  delicate,  provided  the 
necessary  precautions  be  taken.  The  iodine  must  be  free — ^that  is  to  say,  it  must  not 
be  in  the  state  of  iodide,  iodate,  or  any  other  compound  form;  and  the  solution 
containing  it  must  be  neither  hot  nor  alkaline.  Iodine  is  but  slightly  soluble  in  water, 
about  one  part  in  7,000  ;  nevertheless,  the  aqueous  solution  acquires  a  brown  tint,  and 
the  characteristic  smell  and  taste  of  iodine.  It  copiously  dissolves  in  an  aqueous 
solution  of  iodates  and  iodides,  also  in  alcohol  and  ether. 

IODINE  WITH   IITDROGESr   (hTDMODIC  ACID). 

Atosnie  weight 128'1 

Tolume Ill 

Specific  gravity 4-443 

The  only  known  compound  of  iodhxe  with  hydrogen  is  hydriodic  acid,  the  ana- 
logue of  hydrobromic  and  hydrochloric  acids ;  consisting  of  one  atom  or  equivalent 
of  each  of  the  elements,  having  the  same  atomic  volume,  and  general  chemical 
relations. 

JPreparatum. — Hydriodic,  like  hydrobromic  acid,  does  not  admit  of  preparation  by 
application  of  heat  to  a  mixture  of  iodide  of  potassium  and  sulphuric  acid :  because, 
under  these  circumstances,  the  generated  hydriodic  acid  is  immediately  decomposed, 
in  accordance  with  the  foHowing  scheme,  expressed  by  a  diagram,  and  in  chemical 
symbols:— 

Sulphuric  acid|O^J^^^^^ 

HI  +  SO3  =  SO3  +  HO  +  I. 
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It  is  prepared  by  decomposing  iodide  of  potassium,  by  contact  with  a  small  quantity  of 
watcrf  in  a  small  tube  retort,  as  here  represented. 
Alternate  layers  of  broken  gloss,  moistened  with 
water,  iodine,  and  phosphorus,  being  passed  into 
a  tube  of  this  kind,  and  heat  being  applied,  de- 
composition ensues;  iodide  of  phosphorus  is  no 
sooner  formed,  than  meeting  with  water  it  decom- 
poses the  latter,  hydriodio  and  phosphorous  acid 
resulting.     Of  these,  the  latter  remains  dissolyod 

in  the  water,  whilst  hydriodic  acid  passes  over,  and  may  be  collected  o^er  mercury,  or 
by  displacement. 

Projm-tiea. — ^Hydriodic  acid  as  thus  generated  in  a  pure  state  is  a  colooiless  pun- 
gent gas,  readily  dissolved  by  water,  and  decomposed  with  extreme  facility  by  chlorinei 
bromine,  and  even  by  the  prolonged  agency  of  atmospheric  air. 

Solution  of  Hydriodic  Acid. — It  is  frequently  necessary  in  practice  to  prepare  an 
aqueous  solution  of  hydriodic  acid.  This  may  be  readily  accomplished  by  transmitting 
a  current  of  hydrosulphuric  acid  gas  through  iodine  held  in  suspension  by  water.  The 
decomposition  is  very  simple :  the  hydrogen  of  the  hydrosulphuric  acid  combines  \ntli 
iodine,  and  forms  hydriodic  acid,  which  is  immediately  dissolved  in  water,  sulphur 
being  simultaneously  deposited.  When  no  further  iodine  remains  uncombined,  the 
solution  must  be  filtered  to  effect  the  removal  of  sulphur  precipitated. 

Oombinations  of  Iodine  with  Oxygen.— Oxygen  and  iodine  are  known  io 
unite  in  three  proportions,  as  follow : — 

(1)  Hypoiodio  acid  .  IO4 

(2)  Iodic  acid         ...  .        10, 

(3)  Periodic  acid    .  .  .        IO7 

Iodic  Acid. — The  various  operations  already  described  as  being  nccessiary  for  manu- 
facturing chloric  acid,  will  yield  iodic  acid  if  wo  substitute  iodine  for  chlorine.  These 
operation  arc — (1)  The  generation  of  iodate  of  potash ;  (2)  the  decomposition  of  iodate 
of  potash  by  chloride  of  bariom,  and  the  formation  of  iodate  of  baryta ;  (3)  the  decom- 
position of  iodate  of  baryta  by  sulphuric  acid  cautiously  added.  These  operations  arc 
of  interest,  as  tending  to  prove  a  general  similarity  of  relations  between  iodic  and 
chloric  acids ;  but  if  iodic  acid  in  considerable  fnantitics  be  required,  the  following 
more  eligible  process  should  bo  adopted :— Weigh  out  equal  portions  of  iodine  and 
chlorate  of  potash ;  mix  them  in  a  flask  with  five  parts,  by  weight,  of  water,  to  which 
some  drops  of  nitric  acid  have  been  added.  On  the  application  of  heat  to  this  mixture, 
chlorine  is  disengaged,  and  the  iodine  is  converted  into  iodic  acid.  The  decomposition 
is  as  follows : — ^The  nitric  acid  begins  by  decomposing  a  proportionate  quantity  of 
chlorate  of  potash,  nitrate  of  potash  being  generated  and  chloric  acid  liberated ;  bat  it 
is  no  sooner  liberated  than  in  its  turn  decomposed,  yieldiog  up  its  oxygen  to  a  portion 
of  iodine,  forming  iodic  acid,  and  liberating  chlorine.  The  iodic  acid  thus  generated, 
acts  like  the  nitric  acid  formeriy  added,  decomposing  a  fresh  portion  of  chlorate ;  and 
thus  the  decomposition  of  chlorate  of  potash  proceeds  until  none  remains.  Finally,  the 
whole  of  the  potash  originally  contained  in  the  chlorate  i&  converted  intoiodate  of  potash, 
which  may  be  crystallized  by  eTaporatk>n. 

Ptriodic  Acid. — This  compound  being  of  inferior  intereal;  need  not  occi^y  (ynr 
attention. 


PREPABATION  OF  HYDROFLUORIC  ACID.  369 


IODINE  WITH  NimOGEN. 

There  is  only  one  known  combination  of  iodine  and  nitrogen ;  it  is  the  teriodide,  and 
is,  therefore,  represented  by  the  formula  NI3. 

Preparation, — By  pouring  aqueous  solution  of  ammonia  (hartshorn,  or  liquor  ammo- 
nis)  on  iodine,  allowing  the  mixture  to  stand  at  rest  for  about  two  hours,  then  filtering 
off  the  liquid,  and  collecting  the  solid  result,  which  is  the  teriodide,  on  seyeral  pieces 
of  filtering-paper,  taking  care  that  no  one  portion  be  larger  than  the  dimensions  of  a 
small  pea.  This  latter  precaution  is  rendered  necessary  by  the  extraordinary  explosive 
quality  of  the  compound  in  question,  which  is  perhaps  the  most  readily  explosiye  com- 
pound known  to  chemists,  although  its  explosion  is  not  attended  with  much  danger. 

When  dry,  the  teriodide  of  nitrogen  cannot  be  touched  without  explosion.  Even 
the  soft  part  of  a  feather  suffices,  or  the  act  of  throwing  it  upon  the  surface  of  water. 

Combinations  of  Zodlne,  with  Sulphur,  and  Ohloxine.— There  are  pro- 
bably soTeral  of  these  compounds ;  none  of  them  have  been  much  studied,  and  they 
are  all  of  inferior  importance. 


Equivalent,  or  atomic  weight        .  :=    18*9 

Equivalent,  or  atomic  volume 


General  Remarks.  —  The  somewhat  common  mineral,  termed  fluor  spar,  is  the 
result  of  a  binary  union  between  the  metal  calcium  and  the  non-metallic,  simple  body 
fluorine.  Of  fluorine  in  the  uncombined  state,  very  little  is  known,  in  consequence  of 
the  difficulty  of  providing  vessels  capable  of  retaining  it.  Not  only  does  it  dissolve 
glass  with  facility,  but  all  the  known  metals ;  in  point  of  fact,  the  only  material  capable 
of  withstanding  its  solvent  agency  is  fluor  spar  (fluoride  of  calcium),  a  material  already 
80  fully  saturated  with  fluorine,  that  it  cannot  appropriate  more.  Accordingly,  it  may 
be  generated  by  acting  upon  fluoride  of  silver  by  means  of  chlorine,  in  a  vessel  of  fluor 
spar,  when  it  Is  liberated  under  the  condition  of  a  transparent  colourless  gas,  similar 
apparently,  in  its  general  relations  to  chlorine. 

COMPOUND  OF  FLUORINE   WITH  HYDBOGEN — (HYDBOFLUOEIC  ACID). 

Equivalent  or  atomic  weight    = 


Equivalent  or  atomic  volume    :=     I 


Specific  gravity  of  liquid  acid  1-06 

General  Retnarks — Fluorine  and  hydrogen  are  only  known  to  unite  in  one  propor- 
tion, constituting  hydrofluoric  acid,  the  exact  analogue  of  hydrochloric,  hydrobromic, 
and  hydriodlc  acids.  So  long  as  the  theory  of  Lavoisier,  which  assumed  that  the 
acidifying  principle  of  all  acids  was  oxygen,  continued  to  be  adopted,  the  compound 
under  consideration  was  denominated  ^worw  acidy  and  that  which  we  now  term  fluoride 
of  calcium  (fluor  or  Derbyshire  spar)  was  denominated ^Ma^e  of  lime. 

Preparation. — Anhydrous  hydrofluoric  acid  must  be  prepared  in  vessels  of  lead  or 
platinum :  the  former  is  usually  employed  from  motives  of  economy.  When  liberated 
under  ordinary  atmospheric  temperatures  and  pressures,  hydrofluoric  acid  is  gaseous  ; 
but  by  the  application  of  a  temperature  of  32°  Fah.  (melting  ice)  it  may  bo  condensed 
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into  a  fluid.  It  frequently  happens  that  hydrofluoric  acid  in  the  gaseous  state  is 
required,  and  for  purposes  not  TBffotfmg  tbs  edfttetieii  of  the  gas.  When  this  is  the 
CMC  the  necessary  apparatiw-  i*  yecy  ampla,  aotiung  iwoce  elaborate  than  a.  disk  of  lead 
or  platinum  being  requisite.  The  prepawfa'anr.  is  tkua  conducted ; — ^Finel^  po^rder 
some  fluar  ipar,  throw  it  intor  the  leadtsi  or  plutinium  dishr  pour  «|^n.  it  enaa^  of 
coDceatrated  oil  of  yiixiol  to  form  a^thm  paitej,  attir  with  a  leaden,  xoel^  and  apply  heat. 
Gaaeous  hydrofluozis;  aeid  will  be  t^elled.  Thia  £ffm  of  ap«»tioa  enaUea.1^ 
ehemist  to  engzave,  or  rather  etciv  upon  gjass,  and  thosr  to  zcndas  himgelf  ioiepenflkBt 
of  the  philoHnphiwi}  iBiitrmneiit«maker  ia  the  gniduatioa  of  hiai  tiiibaa  aod  othec  ^aaa 
instruments.  The  operation  oi  etdung  upoa  ^ass  is  the  pcetiae  canaU9cparta£et^iog; 
on  copiper  or  steely  with  the  ezeerptioiL  that  hjdradutKio  acid  is  voed  instead  of.  mtakt 
and  is  used  frequently,  but  not  al^^y£^  m  the  g^uaons  condctiaa.  1h&  operatkm  is 
commenced  by  smearing  the  glass  surface  to  be  ^eiated  upon  evenly  witk  a  resinous 
compound  known  as  stdung^^ZQand,  or  ertn  commMi  wax.  will  do  for  snuli  operations 
Upon  this  surface  of  etching-ground  or  wax  the  hydroflaorie  acid.  sseEts,  hut  litlifi' 
action,  though  it  readily  corrodes  glass ;  if,  therefore,  the  Eeaimnift  oi  wazj-  coatisg  ba 
removed,  the  nature  of  the  result  will  be  obvious.  The  advantage  of  gaseous  over 
liquid  hydrofluoric  acid  for  this  operation  is,  that  it  effects  an  opaque  corrosion, 
whereas  the  corroded  surface  produced  by  the  latter  is  more  transparent.  "When  the 
piece  of  glass  to  be  etehed  is  flat,  nothing*  more  is  required  than  to  rest  it  on  the  basin, 
the  surface  to  be  engraved  of  course  looking  downwards ;  but  if  the  glass  be  tubular, 
it  must  be  suspended  from  a  leadaL  aoyvs.  by  means  of  &  wire,,  or  stsiy  sf  that  metal 

liffwe?  Sgdreflwrie  Acid-^oi  t^  pcepwstion  of  this  a  aaoBswhat  more  eomilex 
apparatus  is  necsssery  ^  a  leadsn  retort  and  tuiralas  iisceiver,.as  npieaented  ia  the 

aeoompaaying  diagsam.  Ihss  zatort  is  mads  is 
two  haliresy  of  which  the  JLpfHsr.  half  ilts  into  tba 
lower  by  grinding^  and  ths  tahr  ncKSSBm  »«•»•• 
nested  to  the  beak  o£  the  xstoxt  in  »  siiafiai 
miHinaoe.  The  extaemity  s£  tiia  tnlndai  leeeirar 
is  peEfbrated  with  a  little,  h^  to  pumit  tk 
cscc^  of  the  atmospherie  air  qontssned  in  tk 
retort,  and  any  small  amount  of  hydrofluoric 
aoid'wMchmsy  escape  condenaationv  The  tubular 
form  of  receiver  is  convenient  for  enaUing  it  to  be  iwninftmi>«l  in.  ice  or  snow,  or,  still 
better,  a  mixture  of  pounded  ice  or  snow  and  common  salt. 

The  theory  of  the  decomposition  is  precisely  analogous  to  tiiat  involved  in  the 
preparation  of  hydrochloric  acid,  and  is^  sonssquaitly,.  as  foUawa : — 

Fluoride  of  oaicimn  p^^*°^® -^Hydrofluoric  acid. 

(fluorspar)  {^^^  / 

Oil  of  Titiriol   (pro-  f  Water  \  fJ^''^\  ^       , 

tohydmte  o{laj^\  ^  ^^^ -^  Limel 

phuricaoifiD           Lav.,- ti    .       ^,  >  SalJ^fiatier  ofmne. 

(SUphunc  add j 

i)r  thus :—  (Ml  +  SOj  HO  =  CaOSOa  +  HFL 

Operations  with  Ifiqaidhydraflapde  ap.iA  rfwnld  be  Cttiid!istsd:with.gre«t<nDB,  mUf 
action  is  mosttfnsrgetie  on  siimaltisBaes,  lbs  gmiHmrt-  dsop  ^owed.  to  &J1  ipos  tk 
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skm  cauaing  a  dangerous  bum,  accompanied  mt& 
mation. 


PBnspjn>B£B. 


Equivalent  or  atomic  weight     .     .     .    == 
flteeSfegravfty  ofsolSarpiospBionis    .    rr    t*77 
Specific  grarftjr  of  pliospIioruB*  vapour    =r   4*32(5" 

efaemiaty  bt  tiMr^pear  M8d- ;;  bat  ]i«  ks^t.  hn  •postian.  aecoit.  Kuaekel  xe-duno<mB8d* 
it  ■«■»  dap*  aalntf^Mady ;  laufi  GahiL  aad.  Solieelev.  aifaDiit  17^.  waiw  ther.  finti  tai 
|BoiUM»i*.mkigg9  <|EuatitBeaL  The  gnat  stnrdMuss  ofi  ail  ih»  djcmentary  bodiw  wft 
havrlMtftonte  disMnrexaA  Aba  baen.  tiis  mineaal  IdngdoBs;:  Uut  pkoqifagmatg  Ibmui  xxl 
that  divuKm  sf  Botura^nr^r  spamg^,.  the  great  sonvcv  of  ste  panparatiuE  btiiig-  bonxM. 
aoAaaiiBAl  iiliuiiBk.  fhoflpkoruff maybe  ohtamiMk  in.  tiie  three-  pkjisicai:  canditionff of 
solo^  liyiMJi^  and  gas.;  moseaivser,.  ita.  a^M.  fsiinii  is  sohject  to  &  ourioiiB  dJatropia- 
vaautiGOiy  inivrtcnll  it»  physical,  aa^.  many  of  ita  (sdinairy,  cihawfcal  oEoafiliisa  az8) 
gpeal]^  aw>i^rffaA  la  tdna' respect  it  nraemUts  atdphns,  th»  sdlotBopixr  modBAB«(don:  of 
whkk  has  akoadrf  been  treated  (^ 

/^ygjpararti. — gfaaijihawaat  a  at.  thaa-  tuna  prqiaaedin  largq  yauiidtieafcir  tia  purpase 
of  maanfactaabiiglaoafta  matdMa ;  and  tha^  sonuna  fmm  which  st  iff  obtainsdiis  honcs^ 
tha  as2id  pivtioa  of  wikich,  lamaiBdag  afteir  the  pcohmgod  operatfion  o£  ftoe,.  atenoi^heriB 
aazhaiagr£»ri9rad3Eiiilrte(i^Bi^ftir  ths  amst  part,,  baaie^or  aupeiphoi^ihate  of  lison'— ia. 
othex  woi^  lixaa  caaibiBad  wi£k.  an  ezceas'  of  phDaphonc  acid ;  the*  othar  aalid  coo- 
s4iitaaBt  o£  hauai  oaalflii  (1^  teras  flsnm  ia  ea3BiDadLttanBs)>ia{earbonatep  ofHaxB; 

When  thia  iMixtacii  of  carbooata-  and  au^iajipfeMpb  afe  of  limg  is  digested  with  ail  06 
vitriol,  decomposition  ensues  ;  the  carbonate  of  lime  is  totally  decomposedv  snifAate'  of 
lima  bciig  faymed^  aaed  earhexdc:  acid  os^lkd;  tha  aaperphosphate  o£  Uma  isy  how- 
ever, aa4  daaoaqyined  eofdrdif,.  saiphario  ssid  only  comUflEOig'  wiibhi  oaar  portioai  oi  xta 
liaie;,  lieMa^iiiiatGaikof  tiha  sapsrpiaosphate!  being-  eansmzted  inta^  adphotev  tiio  fiaiaii 
XQiuIi  of  iifca  dacoTynifrian:  k:  mtipkimpkgtr  afhmip-^iaL  othar  wacd^  labna  tol  oaxaiHiiatiaB 
vrithtadriminiahedii  fontity  of  acdyinric  aeseE,  If  ws  kaaw  tha  osaatf  propevtiQiis  at 
miiSi^nBc»eiikmA}nxK^vnimn^^  ehamicairtaniL*,, 

boM^iag-tiia^  wa>da<ant,.t]BBtoroiaah9hiii^^  widLadiraaiagei. 

Oi  thatira>tcaB|ic«aiitfcfcraBady  tbo  aofserphiMphatv  of  £aaEP  ia  abim  adoMiep  itt  antes  ^ 
it  may  ha  sepacatody  tharefoae^by  xieEe  daeaatatiosi.  Iha  oapstphoi^kate  of  lima 
bsugfM^r  e^nqurated  tcr  a  vfrn^ cansiatiaMe^  powderad  oiisseDal ia intioiaftiy  incot- 
p(»ate€kwitibi^  and!  th»  maaa  oamplaidbfF  dbied;  it  ianaxt  jetted  inia  easiiheBnranr 
retorted  aad  diatiBtti  by  atamg^teaaiiaktait,.  vriiam  phoapheaaB.  caaca  oveiv  aad  maat 
^  eottaated  iflMior  arataff. 

AftBagacdathstiteoayof  tha;  aparaiioHv.  it  ia  aa  foSSamm-.—Uca  anperj^aapiuBla  of 
Una,  anbexaga^ynaedteiviiofaBl  lantt  ia!i  cazBtact  wxlih  dmaeaacL,  is  daeompoasd  in)(io» 
baaioy  oa:  attli^»]ios]^aaeB  of  Magn^whii^  aoidiirgoea  va  ftaatfaas  daaiiga^-aad  jtosghfom 
acid^  whuSk  facktes:  tha  dkaaaaaiE  dtooMyaaa^  abafaraettiag  ita  aajgaiy  aatB  HbeaalBBg 
pUaphflggs,  maaPMria^gwitklfcglriloaaiaydia^^ 
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Or,  in  chemical  symbolic  notation,  thus — 

Ph05  J- 60  =  Ph  +  SCO. 

The  phosphorus  thus  liberated  is  contaminated  with  many  impurities;  from  a 
considerable  portion  of  these  it  may  be  freed  by  straining,  under  hot  water,  through 
chamois  leather ;  but  its  complete  purity  can  only  be  insured  by  a  second  distillation. 

Froptrtifs, — ^Phosphorus,  in  its  ordinary  solid  condition,  is  a  substance  haying  the 
consistence  of  wax,  almost  colourless,  and  somewhat  transparent  when  pnre.  It 
readily,  however,  acquires  a  tawny  colour,  and  becomes  coated  with  a  fiiwn-coloazed 
incrustation.  This  change  is  partly  due  to  oxydation,  and  partly  to  the  assumption  of 
a  peculiar  molecular  condition ;  for  the  fact  is  well  established  that  phosphorus,  if 
confined  in  vacuo,  be  exposed  to  light  for  sufficient  time,  it  will  become  more  or  less 
coloured.  Hence  bottles,  or  other  vessels  containing  it,  should  always  be  kept  in  a 
dark  place,  or  be  rendered  opaque  by  pasting  strips  of  paper,  or  other  opaque  materia], 
around  them.  Phosphorus  melts  at  about  111°  Fah.,  boils  at  about  557%  and  takes  fire 
in  an  atmosphere  of  air  or  oxygen  at  about  140**  Fah.  Even  when  exposed  to  the  air  at 
ordinary  temperatures,  phosphorus  undergoes  a  kind  of  slow  combustion,  evolving 
fiunes  which  are  luminous  in  the  dark.  Ourioualy  enough  although  ignited  phos- 
phorus bums  in  oxygen  gas  with  great  vigour,  its  slow  combustion  when  enveloped 
in  that  medium  does  not  ensue  at  temperatures  less  than  69°  or  70°  Fah.  Phosphoros, 
as  ordinarily  procured  by  the  process  already  indicated,  is  totally  amorphous,  or  devoid 
of  crystalline  structure ;  it  may  be  obtained  in  crystals,  nevertheless,  from  certain 
solutions,  of  which  the  solution  of  phosphorus  in  bisulphuret  of  carbon  is  best  When 
this  solution  slowly  evaporates,  phosphorus  is  deposited  in  the  form  of  rhombic 
dodecahedrons. 

The  AUotropie  Omdition  of  Phosphorus. — Under  the  head  of  sulphur,  the  aUotropic 
condition  of  that  body  produced  by  throwing  it,  when  fused  at  a  certain  temperature, 
into  cold  water,  has  been  mentioned.  If  absolutely  pure  phosphorus  be  treated  in  the 
same  way,  a  corresponding  aUotropic  product  is  the  result ;  but  the  operation  is  so 
much  more  difficult  than  with  sulphur,  that,  practically,  the  method  in  question  is 
ineligible.  The  most  convenient  method  of  generating  aUotropic  or  amorphous  phos- 
phorus, consists  in  exposing  common  phosphorus  to  a  long-continued  heat,  of  about 
450°  or  460°  Fah.,  in  a  retort  fiUed  with  some  gas  not  capable  of  siqyporting  combustion ; 
for  this  purpose  ordinary  coal  gas  answers  perfectly  welL  Thus  treated,  a  portion  of 
the  pho^lionis  used  distils  over,  but  another  portion  is  converted  into  a  brick-red 
powtev  and  remains  in  the  retort ;  it  is  aUotropic  or  amorphous  phosphoms,  oontami- 
nated,  however,  with  a  Uttle  ordinary  i^osphonis,  from  which  it  may  be  separated  by 
the  solvent  agency  of  bisulphuret  of  carbon,  in  which  fluid  the  aUotn^ic  variety  of 
phosphonis  is  insoluble.  AUotropic  i^osphorus  is  generated  in  smaU  quantities  on 
sticks  of  ordinary  phosphorus  which  have  heea  lor  some  time  exposed  to  the  air; 
fotmGAjy  the  result  was  mistakoi  for  an  oxide  of  phosphorus :  there  is,  however,  no 
oxygen  in  its  composition.  AUotropic  phosphonis  differs  from  the  oidinaiy  mate- 
rial in  several  important  chemical  physiological  and  physical  appearances.  It  is  not 
soluble  in  sulphuret  of  carbon,  as  we  hsTe  already  sen ;  neither  does  it  frise  under  a 
Umpentxae  of  492^  Fah.,  whilst  oidinaij  phofl|khonis  frises  at  79°  Fsh.  At  the  tem- 
perature of  500°  Fah.  it  i^e-passes  to  tiie  condition  of  oriLnaiy  pho^horus.  Ordinary 
phosphorus  possesses  a  rcmaikablo  odour,  whereas  the  anotrapic  variety  is  quite 
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inodorous.  Ordinary  phosphorus  shines  in  atmospheric  air  at  low  temperatures; 
but  allotropic  phosphorus  only  acquires  luminosity  at  the  temperature  of  392°  Pah. 
and  upwards.  But  perhaps  the  most  remarkable  evidence  of  the  distinction 
between  allotropic  and ;  ordinary  phosphorus  is  of  a  physiological  kind.  Ordinary 
phosphorus  is  poisonous;  hence  the  process  of  manufacturing  those  varieties  of  lucifer 
matches  which  contain  it  is  very  dangerous.  Kot  only  does  it  prove  detrimental  to 
the  system  when  swallowed,  but  when  its  vapour  is  absorbed  through  the  skin,  or 
taken  into  the  lungs.  The  characteristic  symptom  of  slow  poisoning  by  phosphorus  is 
necrosis,  or  destruction,  of  the  maxillary  bones.  People  who  suffer  from  carious  teeth 
are  particularly  liable  to  suffer  from  this  cause ;  and,  consequently,  in  the  French  and 
German  manufactories  of  lucifer  matches,  where  common  phosphorus  is  used,  people 
with  unsound  teeth  are  not  allowed  to  be  engaged.  Allotropic  phosphorus  is  totally 
devoid  of  these  poisonous  qualities ;  it  seems  to  be  altogether  innocuous :  hence, 
abroad,  it  has  to  a  great  extent  supplanted  ordinary  phosphorus  in  the  manufacture  of 
lucifer  matches.  In  England,  we  do  not  seem  to  have  been  successful  to  an  equal 
degree ;  English  lucifer  matches,  for  the  most  part,  being  manufactured  with  ordinary 
phosphorus. 

Combinations  of  PhoBphonis  with  Oxygen.—The  existence*  of  four  com- 
pounds of  phosphorus  with  oxygen  is  well  established.    They  are  as  follow : — 

(1)  Oxide  of  phosphorus  .  .  .  Exact  composition  unknown 

(2)  Phosphorous  acid  .  .  .  .  POj 

(3)  Hypophosphorous  acid  .  .  .  PO3 

(4)  Phosphoric  acid     .  .  .  .  PO 

Of  these,  the  three  acid  combinations  demand  our  extended  notice,  and  more  especially 
phosphoric  acid. 

PHOSPHOBIC  ACID. 

Atomic  or  equivalent  weight  ...  72 
When  phosphorus  is  burned  in  dry  atmospheric  air  or  oxygen  gas,  the  vessel  in 
which  combustion  takes  place  is  dimmed  with  a  white  snowy  powder,  which  collects 
about  its  sides ;  this  white  compound  is  anhydrous  phosphoric  acid.  This  compound 
is  80  exceedingly  attractive  of  water  that  it  combines  with  that  fluid  rapidly,  and  can 
never  again  be  freed  from  one  portion  (an  equivalent)  of  the  water  by  any  known 
process. 

Although  the  hydrates  (there  are  several)  of  phosphoric  acid  may  be  generated  by 
dissolving  the  anhydrous  acid  in  water,  and  subsequently  applying  heat  and  effecting 
evaporation  to  the  necessary  degree,  this '  is'  not  the  best  method  in  practice.  The 
hydrates  of  phosphoric  acid  can  be  generated  with  more  facility  by  boiling  phosphonuf 
and  nitric  acid  together,  in  a  tubulated  retort,  into  the  tubulure  of  which  the  unde- 
composed  nitric  acid  is  returned  9$  often  as  it  comes  over. 

The  operation  of  applying  h^  i|nd  returning  the  undecomposed  acid  which  comes 
over  should  be  repeated  until  th9  whole  of  the  phosphorus  has  disappeared.  This 
point  having  been  reached,  the  aj^Ucation  of  heat  should  be  continued  until  the  liquid 
acquires  a  S3rrupy  consistence  ;  wfien  this  change  has  ensued,  the  operation  cannot  bo 
pushed  any  further  in  a  glass  vessel ;  all  further  concentration  mustt  be  effected  in  a 
platinum  dish.  The  hydiate  of  phosphoric  acid  having  been  transferred  to  a  vessel  of 
this  kind  is  to  be  heated  to  fusion,  by  which  means  all  the  water,  save  one  equivalent, 
is  driven  off,  and  the  monohydrate  of  phosphoric  acid  results ;  it  contains  11 '2  per  cent. 
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of  -watop— 4hat  is  to  say,  one  eqmTalent.  Wc  hayc  -not  hitherto  had  -oooasion  to  derate 
muoh  attention  to  Hhe  hydrates  of  acids ;  but  llhe  hydrates  of  -phosphoric  aeid  imrolTc 
an  exoeefingly  curionB  philosopbical  pohit  -which  will  lequiro  notice  in  detail ;  each 
has  -sufficient  pcrmanenee  of  composition  to  give  nse  to  a  speoifie  claas  ef  nalts. 
Sisdpliuric  and  nitric  acods  form,  as  wc  hare  teen,  -many  definite  eombinatioBB  widi 
water— leoi  Irydratec,  in  T^oint  of  feet ;  but  so  little  does  the  amoiint  of  water  m 
oombination  alter  1ihe  piimary  fonotiom  of -tiio  acidB  in  -qvestion,  that  the  TesidftB  .of  the 
ooBtfhinatiion  df  the  aeid  of  these  hydrates  wi&  boses  is  in  all  casee  l^e  same.  Witii 
the  hydrates  ifl  -pheephorie  acid  ^e  result  is  different,  as  we  shaB  piesentiy -see.  The 
^^treooB  mass  resulting  ftom  -^e  treatment  of  -phosphorus  with  nitric  aoid  is  a  noao- 
hydrate  ef  phosphone  aead,  as  f  bare  already  remarked — ^that  is  te  say,  it  is  «  eom- 
poimd  of  one  equrvailcnt  of  phesphoric  and  one  of  warter :  hence  Its  oompwaififfn  adants 
«f  being  thns  indicated,  FhO^s  +  HO.  If  this  hydrate  be  miaeed  witii  a  weight  of  water 
•exactly  eqmd  to  the  qfoantity  =it  has  odroady,  a  seoond  -defeiite  orystidline  ■eoraponsd, 
bihydrarte  of  lAcesphoric  acad,  results ;  ita  fomrala  is,  therefore,  TiiOs  +  SHO.  YioBBj, 
if  the  yitveoua  monobydrate  of  phosphoric  acid  be  mixed  with «  quantity  of  water 
double  in  amount  to  that  which  it  already  contains,  a  crystallized  li'ihyfliate  cf 
phosphoric  acid  results,  being  indioated^y  ifiie  IsniifiSa  FM^  -|-  899. 

Consequently  we  Iwve  demonstrated  fhe  ezistenee  of  three  bjidi'SlcB  tH  jflraspfaone 
acid.    Iliey  axeas&Uaw: — 

(1).  Monobydrate  of  phosphoric  acid    .  FBO^^^-    HO 

(2).  Bihydrate  of  phosphoric  acid  -        -     PHdj-i-SBO 

(3).  Trihydrateofpho^jhoric  acid  .         .     iPiB0a-i-5H0 

It  is  most  accardaiii  with  wlut  wo  know  ef  Hum  hydrates  to  ic^nd  tiie  intents 
acting  the  part  of  a  base ;  hence,  instead  of  the  expression,  hydrate  of  {Swapiiarie  acid, 
wc  might  say,  perhaps  with  more  jMPOpriety,  p%99pktUe  of  water,  an  expression  which  is 
indeed  employed  by  some  chemists.  Hie  ippecedimg  admr  is  so  ifinr  Justified  that  the  water 
may  he  xeplacedt  wholly  4a  in  part,  hy  jseoagxkiBed  basic  aubntorftn  Xhiia»  tibsr^aiielliTec 
well  known  phoqahaj^  «f  jyada:  aif  theai^  ih»  flonaiaa  |jMNsphate  of  flodaitf  iMbestDpe 
fwntaiPB  Sot  each  eyttvakaat  twapty-Ase epiiyakariis 4rf watet.  WhmUmmdimffm^ 
heated,  twcariy-jbnr  .egMiyaaleTite  of  water  readily  fly -off ;  but  the  ranftiaia^-aqHivaletft 
liagora  with  aome  pertraaaity,  theKby  showiBg  that  it  is  isi  a  diaBBavent  steto  •f  eon- 
bination  to  the  twenty-four  equivalents ;  by  increasing  the  heat,  however,  it  ma|r  abo 
be  expellfid,  leaving  on  Anl^^dioua  aalt  oontciaing  twe-fifuimknts«f  «Dd»  nd4»e  of 
phaapiharic  aoid*  The  jnlt  thns  pcodaoad  is  dendHUBated  the  hfhinif  lovtety  d 
phosphoric  acid,  in  contradiaiiBctiim  to  the  phosj^JUwafi  aeid  in  the  ovdiiuny  |thMq^iate 
of  aoda,  which  is  termed  tiie  trihasic  ▼anel7.  A^iompaiittmcif  4i»icasD0id«iadifiitifc 
of  these  subatomes  will  explain  the  Aataze  cf  the  daataactioa. 


^■-      *     ■    .^  I 

Common  or  tdbaftic  pho^ate  ^f  ^     ^Soda.        Woter.       fte^oa^  aaid.  j^ 

soda,  containing  common    «r^       2      -f-       1      +  1 

tribasic  phospborie  acid  ) 


Bibasic  pbospbn*e  of  ptula  eon-^  8o«i 
tainin«  bihanc  pbosphorir^  ^ 
aoid  ) 


Soda.         "Water.        ThosphOWc  aciil. 
-♦-        •        I-  1 
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ThuB  wiiaTe  akwidy  two  phospJuttes  of  wda,  corresponding  respectively  with  two 
of  the  three  hydrates  of  phosphoric  acid.  There  is  also  a  third,  or  monobasic  phos- 
phate of  soda.    It  is  composed  as  follows : — 


Base. 


l^Ionobasic  phosphate  of  soda   )     Soda.         Water.         Phosphoric  ncitl. 
oontainDgmonobaBiciihoB-    >       I     +      Q         -f  1 

phocicAcid.  ) 

And,  of  coursci,  .corresponds  with  the  monohydrate  of  phosphoric  acid  already 
treated  ot  Prognently  othor  appellations  than  those  already  mentioned  are  given  to 
the  three  varieties  of  phosphoric  acid.  Ordinary  or  tribasic  phosphoric  acid  is 
simply  termed  phosphoric  acid ;  the  Hbasic  variety  is  coiled  pijrophosphorie  acicl  j  and 
the  monobasic  variety  mctaphosphoric  acid.  These  acids,  whether  existing  as  hydratwi, 
or  in  the  condition  of  soluble  salts,  may  be  readily  discriminated  by  their  effects  on 
soluble  silver  salts ;  the  common,  or  tribasic  variety  of  phosphoric  acid,  yields,  with  a 
soluble  salt  of  silver — the  nitrate,  for  instance — ^a  yoUow  precipitate ;  the  bibasic  modi- 
fication (pyrophosjihoric  acid),  a  white  procipitate ;  the  monobasic  modification  (meta- 
phosphosdc  acid),  a  precipitate  not  only  white  but  gelatinous.  Solutions  of  mataphos- 
ihoric  A£id  also  have  the  property  of  coagulating  albumen,  whereas  the  others  have  not. 

THOSPEOaftOtTfl  ACID. 

EguimLont,  or  atomic  weight        .  .        56 

General  TUtnar^. — ^When  phosphoms  is  bttmed  in-oxygBn  gaa  -or  atmospheric  air 
at  ordinary  pressures,  phosphoric  acid  is  the  sole  result,  as  we  have  already  detenmned* 
If,  however,  a^eec  of  lighted  phosphems  b^  placed  in  a  «ma]l  dish  imdertheieoeiver 
■of  an  axp-purap,  and  partial  exhaustion  be  effected,  phosphonniB  acid  is  the  result  This 
-process  is  -so  ineonvcnient,  *that  it  cannot  ^  rasorted  to  when  large  quantittes  of  phos- 
phorous acid  are  rcquireJ ;  but  it  is  suggestiTe  (^  the  means  to  be  adopted  for-produinng 
this  substance. 

Preparation. — (1).  If  phosphortiB  actsdly  igznted  generate  phosphoric  acid,  when 
surrounded  by  attenuated  air,  it  does  not  flfiom  imreasonablc  to  anticipate  that  phos- 
phorus not  actually  ignited,  but  undergoing  its  usual  change  of  slow  combustion  when 
sorronnded  with  air  of  ordinaiy  dendty,  should  also  generate  the  same  substance. 
Accor^Aglj  we  find  that  large  quantities  of  phosphorous  acid  maybe  generated  liy 
partially  immerajag  stidcs  of  phosphorus  in  a  vessel  ef  water,  wnd  adlowing  free  access 
uf  air.  Under  fhese  circumstances  phosphorous  acid  is  formed,  and  rapidly  dissolving 
in  the  water,  gives  rise  to  a  sour  solution  of  hjdrated  pliospliorons  acid.  Kevertheless, 
the  phosphorous  acid  thus  generated  is  not  pure ;  it  is  contaminated  with  some  ptios^ 
phone  acid,  into  which  phosphorous  acid  eventually  changes  when  exposed  in  contact 
with  water  to  atmospheric  influences.  For  many  purposes  in  the  arts  and  manu- 
factures the  presence  of  this  admixed  phosphoric  acid  is  of  no  oonsequencc.  This  is  the 
case  with  the  anastatic  process  of  copying  letter-type  tmd  engravings.  If,  however, 
phosphorous  acid  be  required  pure,  another  method  of  prc]mration  must  be  adopted, 
which  is  as  follows  : — 

(2).  When  protochloride  of  ^ospTioniSyPhOIsfiBvddedio  water,  sratnol  decom- 
position ensues,  resulting  in  i^c  formation  of  phosphorous  and  hydrochloric  adds,  as 
represented  by  the  accompanying  diagram. 
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1  Protochloride  of  phosphorusj  J  l^^J^^-y^  Phosphorous  acid. 

^^^^^ UH^gen." -^3  Hydrochloric  acid. 

The  liquid  holding  these  two  acids  in  solution  being  concentrated  to  the  density  of 
a  syrup,  all  the  hydrochloric  acid  is  evolved,  and  only  the  phosphorous  acid,  dissolved 
'  in  water,  remains.  •  By  the  mere  application  of  heat,  the  solution  of  phosphorous  acid 
does  not  admit  of  being  further  concentrated ;  but  if  the  solution  be  placed  over  a 
dish  of  oil  of  vitriol,  in  the  receiver  of  an  air-pump,  and  the  air  exhausted,  a  further 
amount  of  water  may  be  removed,  and  phosphorous  acid  obtained  as  a  crystalline 
hydrate,  having  the  composition  of  PhOj  +  3H0. 

HYP0PH0SPH0R0U8  ACID. 

Atomic  or  equivalent  weight        ....        40 

JPreparation, — When  phosphorus  is  boiled  with  solutions  of  the  fixed  alkalies  or 
alkaline  earths,  a  hypophosphite  of  the  oxide  of  the  alkali  or  alkaline  earth  results. 
If  baryta  be  the  alkaline  earth  employed,  a  ready  means  of  obtaining  hypophosphite 
of  baryta  is  suggested  by  cautiously  adding  the  amount  of  sulphuric  acid  necessary  to 
throw  down  the  whole  of  the  baryta.  This  operation  furnishes  a  weak  aqueous 
solution  of  hypophosphoric  acid,  which  may  be  concentrated  by  heat  up  to  a  certaia 
point  without  the  occurrence  of  decomposition,  but  which  does  not  admit  of  yielding 
the  acid  in  a  crystalline  form. 

The  leading  characteristic  of  hypophosphoric  acid  is  its  tendency  to  unite  with 
oxygen ;  thus,  when  brought  into  contact  with  the  oxides  of  mercury,  copper,  and 
some  other  metals,  oxygen  is  removed,  the  metal  is  reduced,  and  the  hypophosphorous 
acid  is  raised  to  the  condition  of  phosphoric  acid. 

OXIDE   OP  PHOSPHOEUS. 

Compontion  uncertain. 

For  a  long  time  the  opinion  was  entertained  that  the  red  powder  which  forms 
during  the  combustion  of  phosphoiois  in  oxygen  or  atmospheric  air  was  a  true  oxide  of 
phosphorus ;  but  we  have  already  seen  that  the  compound  in  question  is  chiefly  com- 
posed of  phosphorus  in  its  second,  or  amorphous,  or  aUotropic  condition.  Neverthe- 
less, a  portion  of  oxide  of  phosphorus  is  actually  present ;  but  it  may  be  prepared  more 
pure,  and  in  larger  quantities,  by  the  following  method  : — 

Preparation, — Into  a  test-glass,  containing  a  stick  of  phosphorus,  pour  hot  water, 
by  which  treatment  the  phosphorus  melts.  Now  transmit  through  the  fused  phos- 
phorus a  current  of  oxygen  gas.  Combustion  ensues,  and  the  water  becomes  pervaded 
with  red  particles.  This  red  material  is  a  mixture  of  oxide  of  phosphorus  with 
uncombined  phosphorus ;  and  the  latter  being  separated  by  sulphuret  of  carbon^  oxide 
of  phosphorus  remains. 

Combinations  of  Phosphoms  with  Kycbrogen, — Chemists  are  acquainted 
with  three  compounds  of  phosphorus  and  hydrogen.  The  first  is  a  gas,  the  second  a 
liquid,  and  the  third  a  solid. 
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GASEOUS  PHOSPHURETTBD  HYDROGEN. 

Fhosphoras.       Hydrogen. 
Composition   ....        1        +        3 

Equiyalent  or  atomic  weight     .        .        35 

Equiyalent  or  atomic  Tolume    . 

*  Specific  gravity         ....     1*186 

When  phosphonis  is  heated  in  a  retort  completely  filled,  both  body  and  neck, 
with  aqueous  solution  of  potash  (liquor  potassse),  Uie  beak  of  the  retort  being  plunged 
underneath  the  surface  of  liquor  potasssa  contained  in  a  small  pneumatic  trough,  the 
operation  soon  determines  the  escape  of  gaseous  bubbles,  which  take  fire  spontaneously 
in  the  air.  A  similar  phenomenon  is  also  observed  when  lumps  of  phosphuret  of  lime 
are  projected  into  water,  or  when  hydrated  phosphorous  acid  is  decomposed  by  heat. 

The  inflammable  bubbles  under  consideration  are  mainly  composed  of  gaseous 
phosphuret  of  hydrogen  (phosphuretted  hydrogen),  but  they  also  contain  variable 
amounts  of  liquid  phosphuretted  hydrogen,  to  the  presence  of  which  their  quality  of 
spontaneous  inflammability  at  temperatures  below  21 2*^  Fah.  is  due.  By  passing  the 
spontaneously  inflammable  gas  through  a  U-tube,  surrounded  by  a  mixture  of  snow  or 
pounde4  ice  and  salt,  the  liquid  compound  condenses,  and  the  gaseous  combination  is 
transmitted  pure.  The  liquid  phosphuret  of  hydrogen  is  exceedingly  prone  to  decom- 
position. It  can  only  be  retained  unchanged  at  a  low  temperature,  and  in  a  dark 
place.  Under  the  influence  of  light  it  decomposes,  gaseous  phosphuretted  hydrogen 
being  generated,  and  the  third  or  solid  phosphuret  of  hydrogen  indicated  above. 

The  generation  of  phosphuretted  hydrogen  by  the  mutual  decomposition  of  potash 
solution  and  phosphorus,  is  explained  by  the  following  diagram :« 

Water  /Hydrogen — 7 Phosphuretted  hydrogen 
^^^^  I  Oxygen  V      / 


Phcphoru-    {l^tZ' 
Potash 


'  Hypophosphorous  acid  ^  Hypophosphite 
^     of  potash 


When  produced  by  the  decomposition  of  hydrated  phosphorous  acid  by  l^eat,  the 
decomposition  is  as  follows  :— 


4  Hydrated 


phosphorous 
acid 


4  Anhydrous 
phosphorous 
acid 

12  Water 


1  Phosphorus ^1  Phosphuretted 

3  Phosphorusv       ^^      .  hyiogen 
( 12  Oxygen       s\^ 
3  Hydrogen  '^^sX 

9  Hydrogen  "^v^J^'Niv    3  Phosphoric       j  Hydrated 
3  Oxygen      — — ^^^^        acid  phosphoric 

9  Oxygen      -^9  Water  )      acid 


PHOSPHORUS   WITH  MrTBOGBN. 

There  is  a  compound  of  phosphorus  with  nitrogen,  having  the  composition  of  NjP. 
It  is  a  white  solid  body,  characterised  by  much  stability,  neither  being  decomposed  at 
a  red  heat,  nor  acted  upon  by  acids  or  alkalies.  Such  an  amount  of  stability  is 
remarkable  for  a  nitrogen  compound,  most  of  which  arc  characterised  by  facility  of 
decomposition. 


378  PR0PCETIB8  OF  PEBCBLOKIDE  OF  PMOBPaMgCB, 

Pli06PHO&rH  WITH   SULPHU&. 

When  phoRphorus  is  brouglit  into  contact  with  sulphur,  and  both  gently  heated, 
combination  readily  ensues.     Several  phosphurets  of  ■ntphrir  caay,  in  this  way,  be 
generated  by  varying  Ihc  quantities  of  the  two  substaooca.     Chemists  are  not  agreed 
as  to  the  number  or  the  composition  of  these  phosphurets  of  sulphur.     Their  most 
remarkable  quality  is  that  of  extreme  inflammability ;  more  so  than  pure  phosphorus,  j 
Before  the  introduetion  of  lucifer  matches,  bottka,  contaiaing  a  mixture  of  these  j 
jah(Mphuret8  of  sulphur,  were  employed  as  a  means  of  obtaining  a  fire  extempora-  ; 
noously.  I 

rnospHoaus  wrni  chloione.  i 

Tfaorc  ore  two  known  compounds  of  phosphorus  wilh  chlorinq,  coiTespoiiding  : 
lespeotively  with  phosphorous  and  phosphoric  acids.  They  ai-e  denominated  protocbb-  | 
ride  and  perchloridc  of  phosphorus  respectively,  and  their  compositiQa  is  indicated  by  I 
the  following  formulee  : —  l' 

Pjpotoohloradc  of  phosphorus  .  .    Ph  -Cly  j 

rerchlorideofphoffphanu      .        .        .    Ph  Cl^  ! 

PBOTOCHLOIUDE  OP  PHOfiPnOIlUS.  '  | 

Atomic  or  equiviJont  weight      =       67  j 

Atomic   or  equivoleat  v»bame     rr     i  ! 

Specific    gravity    of   vapour         =    4744 
Specific  gravity  in  liquid  state     =1*45 

PrepaiHUiQii, — (1).  By  transmitting  ja  current  of  dry  ehloiine  av£x  jibe  Buifaae  of 
phosphorus  contained  in  a  small  tubulated  glass  retort  oomxnuxucajbtng  with  a  reoeiTer. 
The  retort  must  be  mainxainodiiot  during  the  operation,  almost  to  the  boiling  point  of 
phosphorus,  and  the  receiver  carefully  cooled  by  a  stream  of  wtrter,  or  by  immersion  in 
ice.  It  is  an  essential  condition  to  the  success  of  this  process  that  the  phosphorus  be 
always  in  excess  over  the  chlorine ;  henoe  the  transmission  of  gas  must  be  stopped 
before  the  whole  of  the  phosphorus  has  been  apprapaitod,  vtberwiso  perdbbride  of 
phosphorus  will  also  result. 

(2).  By  transmitting  ihe  rapour  of  phosphorus  over  fragments  of  calomel  in  *^lass 
tube  strongly  heated. 

Properties, — A  limpid  fluid,  which  boils  at  172°  Fah.,  possesses  a  density  of  1*45. 
and,  when  thrown  into  water,  yields  a  solution  off  tydixwAloric  and  pliosphorous  acids, 
Ilcnce  is  furnished  a  ready  means  of  generating  phosphonms  acid  in  a  jstate  of 
purity  (page  o7o). 

PEBCHLOEIDE  Q!F  FBBQSFSOHUS. 

Preparation.— \ly  transmitting  chlorine  through  fhe  protochloridc. 

Properties,— A  white  crystalline  body  easily  volatilized,  and  furnishing,  when 
brought  into  contact  with  water,  on  aqueoas  nuiiave  of  hydrochloric  and  phosphoric 
aoiite.     The  decompofiition  may  be  thus  xepresentcd : — 

,  T.     ,1.1     1.   v      1-        0  Cfelorine  7' 5  H^drodbikniemod 

1  rcrchloridc  of  phosphorus  J^  fhosph(ma\  / 

5  Water (5  Hydrogen, /X         _       ^    .   _^ 

(o  Oxygen \1  Phosphoric  acid 
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Or  in  chemical  symbols  thus  :— 

rnCl,  +  '^HO  =  PhO^  +  6HCL 

HOBOV. 

Equivalent  or  atomic  weight         .            .         = 

109 

Misiory  and  Natural  History . — Boron  was  diBCOVcred  by  Sir  Humphry  Davy.  It 
never  exists  in  nature  uncoxnbine<l^  but  is  found  ux  oombination  with  oxygen  as  native 
boracic  acid,  or  united  with  soda,  constituting  the  salt  known,  as  biborate  of  soda,  or 
borax.  Native  boraaic  acid  is  found  in  'the  water  of  certain  volcanic  regions  in  Tus- 
cany. Native  biborate  of  soda  is  obtained  from  certain  .parts  of  Thibet  a©d  India.  It 
is  known  ip  commerce  by  the  Jiame  of  tincaL 

Preparation. — ,(1).  By  heatiiig  powdered  fused  boracic  acid  in  a  glass  tube  with  a 
fragment  «jf  j)otassium,  a  pact  of  the  boracic  acid  is  jthcrebj  decon\posed— potash  being 
formed  and  boron  liberated.  The  undecomposed  portion  of  boracic  acid,  by  combination 
with  potash,  yields  Jkonte  of  potash.  Ab  aTBinzfa;  of  this  treatment  wo  have,  therefore, 
a  mixture  of  borate  of  potash  and  boron ;  by  treatment  with  water  the  former  is  washed 
away,  and  the  latter  obtained  pure. 

(2).  By  heating  in  tm  ironTcssel  the  dotiWe 'fluoride  of  feoron  and  potassium  with 
metallic  potassium,  and  jy^^eating  the  residue  -wa^  cc^  water,  which  dissolves  all 
except  the  boron. 

PnipwfiE*.— Boron  is  a  greenish  powder,  devoid  of  lustre.  "When  "heated  in  the  air 
itTcadily  takes  fire,  absorbs  oxygen,  and  becomes  converted  into'boraciB  add. 

VOKOTX  •WTTH  OTTGEST  (BtmA.CIC  MZED). 

E^uivahmt  or  iUtomie  weight      .  ^'9 

Boracic  acid  is  the  aoij  known  ooxspoimd  of  boron  and.iixygen.  It  contains  one 
equivalent  of  boron  united  with  three  of  oxygen :  hence  its  formula  is  BO3. 

Trepanition. — (1).  The  native  boracic  acid  of  Tuscany  is  found  associrfted  with 
'Bumy  impunties,  from  wliidh  ft  may  1)6  separated  by  Bcdiifiion  and  re-dystaUxzation ; 
^cnoe,  this  prooeai  funuAes  us  with  one  method  of  dbtaining  boraeic  aoM. 

(2).  By  ^a  dficompocStion  of  biborate  of  seda  (borai).  A  sdhition  of  1^  sidtan^ater 
is  readily  deeamposed'by  su^pbonc  or  hydrodbloric  acid,  an  alkaline  siflphate,  or  tMonde, 
being  formed,  and  bozadc  add  deposited.  In  dther  case  the  soli^on  of  borax  ^ould 
t)e  hot  and  concentrated ;  about  cme  jpart  "by -weight  of  borax  to  two  and  a  half  of  water 
constitntes  a  good  proportion.  As  the  solution  cools  the  add  crystallizes  oictt  as  a 
hydrate,  and  may  be  separated  almost  pure  ;  if  required  completely  pure,  they  must 
be  re-dissolved  in  water,  and  re-crystallized. 

Properties, — Boracic  acid,  as  crystallized  from  aqueous  solutions,  is  a  hydrate,  each 
equivalent  containing  three  equiralentB  of  water,  or  4S*B  per  cent.  "When  strongly 
Aeaied,  the  whole  of  ihe  water  i«  evolved,  and  the  anhydrooa  acid  fuaes  into  a  aort  of 
gUfli,  whifliiliaa  the  property  of 'diaaolnng  and  zendadng  fuailhle  the  f^reater  jouaaher 
of  metaUic  osaSeB,  each  of  whidi  tinges  ibe  ^ma  witfi  its  own  cbaraoteriatie  colour, 
the  inoreaaed  degree  «f  f ttsibility  4x>ii£QCEed  on  BketaUie  ledios  by  boracic  acid  and 
borax,  is  frequently  taken  advantage  i)f  in  the  arts  and mapufeotunBS,  and  the  fionddoca- 
tiea  of  thia  poopeity  zendsrs  uitfilligihle  the  ^peneme  expraKion./kz;^  Aequeiiildy  ji^lied 
to  bontK  8Ddaome«ther  hodiea. 
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BOBON  WITH  CHLORINE  (CHLOBIDE  OF  BOBOn). 

Equivalent  or  atomic  weight  .  .    ^  115*9 

Equivalent  or  atomic  volume .  .    =  I        I 

Specific  gravity  .  .  .    =  4*035 

There  is  only  one  known  combination  of  chlorine  and  boron ;  it  is  the  terchloride, 
being  represented  by  the  symbol  BoCIj,  and  therefore  corresponds  with  boracic  acid. 

^rf/wra/M)n.--(l).  By  heating  boron  in  an  atmosphere  of  chlorine.  (2).  By  ex- 
posing to  heat  in  a  porcelain  tube  a  mixture  of  boracic  acid  with  charcoal,  and  transmit- 
ting through'  the  materials  a  current  of  dry  chlorine  gas. 

Properties, — ^A  colourless  gas  at  ordinary  temperatures  and  pressures,  which  fumes 
when  allowed  to  escape  into  the  atmosphere,  owing  to  the  debomposing  agency  of 
aqueous  moisture,  hydrochloric  and  boric  acid  being  simultaneously  generated.' 

BOBON  WITH  FLUOBINE   (fLUOBIDE  OF  BOBOK). 

Equivalent  or  atomic  weight  =:  67*5 
Equivalent  or  atomic  volume  =  |  | 
Specific  gravity  .        .        .    =  2*37 

Preparation. — ^By  strongly  heating,  in  a  porcehun  retort,  a  mixture  of  two  parts  flnor 
spar,  and  one  part  fused  boracic  acid.  One  portion  of  the  boric  acid  is  by  this  treatment 
decomposed.  Its  oxygen,  uniting  with  calcium,  forms  lime,  which  uniting  with  some 
nndecomposed  boric  acid,  forms  borate  of  lime,  whilst  a  portion  of  fluorine  unitmg 
with  boron,  gives  rise  to  fluoride  of  boron. 

In  symbolic  notation  the  decomposition  is  thus  represented  : — 

2BoO,  +  3CaFl  =  BoFl,  +  BoO,.3CaO. 

Properties. — ^A  colourless  gas,  with  strong  acid  reaction,  and  a  sofifocating  odonr. 
Its  leading  characteristic  is  intense  avidity  for  water ;  hence,  dry  organic  matter,  such  as 
wood,  starch,  &c.,  made  up  of  carbon,  and  the  elements  of  water  (oxygen  and  hydrogen), 
are  rapidly  charred  by  immersion  in  this  gas,  the  elements  of  water  being  remov^  and 
the  carbon  left.  700  or  800  volumes  of  fluoride  of  boron  (fluoboric  acid  gas)  may  be 
dissolved  in  one  volume  of  water  without  decomposition ;  but  if  the  solution  be  con- 
centrated beyond  this  extent,  decomposition  ensues,  and  the  solution  of  another  acid 
(the  hydrofluoboric)  results.  The  exact  composition  and  relations  of  this  acid  stOl 
remain  undetermined. 

siLioox  (sometimes  tebmed  silicium). 
Equivalent  or  atomic  weight  =  21*3. 
General  Remarks. — Although  silicon  in  its  pure  state  is  only  produced  by  refined 
chemical  operations,  silica,  or  flint,  is  one  of  the  most  common  substances  in  nature. 

Preparation. — (1).  By  heating  a  mixture  of  silicic  acid  and  potassiiim.  The  potas- 
sium removes  oxygen  from  silicic  acid,  becomes  potash,  and  liberates  silicon,  whidi 
may  be  isolated  by  dissolving  away  the  associated  potash  with  water. 

(2).  By  heating  a  mixture  of  the  double  fluoride  of  sUioon  and  potassium  wi^ 
potassium,  and  lixiviating  the  residue.    The  operation  admits  of  being  conducted  in  a 
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tube  of  ■  German  or  other  difficultly  fusible  glass.    The  theory  of  the  decomposition  is 
as  follows : — 

Double  fluoride  of  silicon  (Fluoride  of  potassium 

and  potassium  (Fluoride  of  silicon  (Silicon 

(Fluorine)  Fluoride  of 
Potassium -_ 1 i  potassium 

3KF1.2Sin3  +  6K  =  9KF1  +  2Si. 

Properties, — Silicon  is  a  brown  powder,  devoid  of  all  metallic  lustre,  and  infusible 
at  high  temperatures.  If  it  be  heated  in  oxygen  gas  or  atmospheric  air,  oxygen  is 
absorbed,  combustion  ensues,  and  silicic  acid  results. 

SILICON  WITH  OXYGEN   (SIMCA,   OK  SILICIC  ACID). 

Equivalent  or  atomic  weight 45*3 

Chemists  are  acquainted  with  only  one  compound  of  silicon  with  oxygen :  it  is  tljc 
well-known,  substance  silica,  or  silicic  acid.  Eock  crystal  is  crystallized  silicic  acid 
almost  pure ;  flint  is  the  same  acid  uncrystallized,  and  contaminated  with  variable 
amounts  of.  impurities.  United  with  alumina  and  oxides  of  various  metals,  it  con- 
stitutes the  clays,  and  by  far  the  largest  portion  of  rocks.  Kock  crystal,  beautifully 
crystallized,  occurs  in  the  Cornish  slate  formations ;  the  crystals  are  locally  known  as 
Cornish  diamonds.  Specimens  of  rock  crystal  are  frequently  mistaken  for  diamonds 
by  the  inexperienced;  but  discrimination  between  the  two  is  easy — ^the  crystalline 
form  of  the  diamond  appertaining  to  the  tessular  or  cubic  system,  and  that  of  rock 
crystal  to  the  rhombohedral. 

Preparation. — Rock  crystal  may  be  regarded  as  pure  silicic  acid ;  but  we  may  also 
liberate  the  latter  pure  from  any  state  of  siliceous  combination  by  adopting  either  of 
the  following  processes : — 

(I).  Having  powdered  some  glass  or  siliceous  sand,  mix  the  powder  intimately  with 
not  less  than  three  times  its  weight  of  carbonate  of  potash  or  soda.  Fuse  the  whole 
in  a  platinum  crucible,  and  dissolve  out  the  fused  result  by  water.  The  solution  will 
be  found  to  contain  a  gelatinous  looking  material,  which  is  hydrated  silicic  acid. 
When  thus  recently  prepared,  silicic  acid  is  partially  soluble  in  acids  and  alkalies ;  by 
evaporating  the  alkaline  solution  to  dryness,  however,  it  is  rendered  insoluble  by  all 
adds,  except  the  hydrofluoric.  Following  out  this  indication,  our  alkaline  mixture  is 
to  be  evaporated  to  dryness,  and  weak  hydrochloric  acid  added,  for  the  purpose  of 
dissolving  away  the  alkali  and  collateral  metallic  impurities.  The  final  residue  is 
silicic  acid. 

This  operation  is  of  great  importance  collaterally.  It  is  the  first  stage  of  the 
analysis  of  a  siliceous  mineral,  or  an  artificial  siliceous  compound.  In  conducting  the 
analysis  of  glass,  for  example,  it  is  necessary  to  dissolve  the  glass.  This  solution  is 
effected  by  powdering  it,  fusing  it  with  the  carbonate  of  an  alkali,  or,  in  certain  cases, 
a  pure  alkali,  and  isolating  the  silica  as  already  described. 

(2).  Equal  parts  of  fluor-spar  (fluoride  of  calcium)  and  powdered  glass  being  mixed, 
the  mixture  is  formed  into  a  pasty  consistence  with  oil  of  vitriol,  and  distilled  in  a 
glass  retort,  the  beak  of  which  bends  down  into  a  "glass  containing  quicksilver  and 
water ;  gaseous  fluoride  of  silicon  bubbles  through  the  quicksilver,  and  is  decomposed 
pn  touching  the  water,  generating  silica  and  hydrofluosilicic  acid.  Inasmuch  as  the 
fluoride  of  silicon  possesses  such  an  intense  affinity  for  water,  the  layer  of  mercury  just 
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deaenfacd  is  abaplattly  BMMHuy  to  pas^ait  tka  water  o£  lilie  MCuiBigi 
back  into  the  distillatory  retort  and  fracturing  it. 

The  dccomi>osition  which  ensues  when  powdecBcL  silioa^  fluof-i^^ax^  «Dd  fiilphunc 
acid  are  distilled  together,  is^  ngresentBd  by  tii0  ftceompanyiag  diagnna : — 

Hyd«fl»«k.cid  Ig^l^; >Fluoridoof8ilicau. 


Silicic 


And  l^e  decomposition  which  ensues  when  the  fluonida  of  silicon  conies  in  eootect  wili   ! 
water  is  as  follows : — 

T?i  ^^A^  ^t  ^i^^^  i  Silicon . . . -^Silicft  ar  slioiQ  acid. 

Fluoride  of  sflijcon  JFi^orine  .7      ^^ 

Water   ....   J^y?e^--^"\. 
**^  i  Hydrogen. 


Fluoride-  <5f  silicon _^HycBwftaoBfllcic  aeuE. 

The  hydrofluosilicic  acid. generated  combines  with  water,  and  is.  obtained  in^soIutiQa. 
It  is  a  valuable  test,  serving  to  distinguish  potaefi  from  aodkr— the  Earner  yiaUGsga 
precipitate  with  it,  but  the  latter  none. 

(3).  By  bringing  chloride  of  silicon  into  contact  with  tcaier. — ^When  chloride  of  siBcon,, 
a  compound  soon  to  be  described,  is  brought  into  contact  wSbh  wafer,  a  decompositioft 
ensues  of  the  following  kind : — A  portion  of  the  water  yieficb  up  hydrogen  to  tBe 
chlorine  of  the  chloride  of  silicon,  and  generates  hydrochloric  acicL  j^is,  which  remains 
in  sohition,  whilst  the  liberated  silicon,  uniting  with  nascent  oxygen,.  Ibrms  sihcJK. 
acid,  which  deposits.    The*  decomposition  is  represented  By  a  diagram  as  follows  :— 

Chloride  of  silicon  {  |^J^  ^  — ^Hydi«ahhim  «jid. 

^^    •    •    •    '{^^r! ^SflfiBiiraniA 

Properfiei, — Silicic  axnd  ra  a  white  powdnr,  hor^  tor  tfte  taosft,  tetelSsas,  fOid 
inodorous.  When  recently  Eberatdct  front  its  combxaa^Gais  in  a^[aeoiiff  aoltition,  ft 
occurs  as  a  gc&tfnons  mass^  whidi  isr  a  hydrate  of  silicm  acnf.  Jtt  tfim  candStion  ft 
is  soluble  in  water,  alkalies^  and  masy  acids  7  But  ^  the  hyvDrate  be  heae^  eitKa 
alone,  or  mrred  with  its  acid!  or  aBcadme  solvent,  to  dSryncss,  ft  is  rendered  indoltiblli  xa 
alkalies  and  all  acids  except  the  hydrofluoric. 

IktcrmsKatiim  of  Composition  on  Anal^'s: — On  account  cf  the  fbw  dbftdte  com- 
binaticais  of  silieoii  and  sSioic  acid^  erery  statement  as  to  the  atoinic  eompositrioai  (ff 
the  better  acid!  must  nrwlve  a  certam  amocmt  of  hypothesis,  The  pezcenftige  amoant 
of  sSicon  and  oxygen  in  silicic  acid'  ra*  8niBei<ni(!l5^ea8y  t9 dbtfernmBS'  as'f&ffawff :— Wlen 
chloride  of  silicon  is  brought  inter  contact  with  water;  deeompcMnCfon  of  lbs*  dUfaEnis, 
as  we  hove  recent^  seen,  ensues,  hyd^rodkloric  ami  silicnf  ariBBrhemg-tftgiBuiBte  From 
this  experiment  the  peroentage  composition  of  sillfcic  acnt  a  proved  t^f  Be — 
Sflfcen  47-tW 

Obcy^en'        .....        52*W 


TRETMMMMXBf  OF  GfiLfkRIBB  AF  ili&ICON'.  3^ 


Tke-  mt^atitf  «£  cimmuts'  ooBsidery  for  TettiiDi»  uBnec»ataE7  ta  dstaE  liers,,  tkait 
siiBiG  acnt  isaoompataadb  of  tlirve  squl^alianta  of  szjgsn  plu&  one  of  aiiioan.  If  thii 
assumption  be  corieest,  the  fltomicwBigfat.  ofi  aiii8en.will  ba*  21*3^  the  number  whidb 
basbeen  adoftediia.tbu'treatise  ;  and  ihe  tksamal  symbol  for  ailicio  acid  will  be  SIO3. 

CHLOfSHDE.  4r  SBfilCOlfk 

jbtomiis  or  cijuiTalent  weight,  assuming,  it  to  be  r^reaented  K  oc  « 

by  ^01^ )  ^^'3 

SgeciHc  gsavity 5*9 

Pi^paratGm.—^  firansmi^tog  a:  current  of  dry  chlorine  Ifhrough-  a;  mixture  of  ffnrfy 
fivided  siiicic  acnf  and:  charcoal  hxjated  to  re^«ss  iii'  a  porcelam  tube.  The  silicic 
acid  employed  in  tftw  operation  must  have  been  prepared  artiffeiaUy,.  mere*  powdered 
flint  or  rock-crystal  not  answering  well.  Its  intimate  admixture  witii  eharcoai  may  be 
t  most  conveniently  effected  as  follows" :— Mix  ihtimafely  equal  parts,  by  weight,  of 
recently  prepared  sificic'  acid  and  hmip-black ;  mtdBc  the  whole  into  a  stiff  paste  by 
incorporating  with  it  a  sufficient  amount  of  any  fixed  oil ;  mould  the  result  ihta 
pcHetB,  and  having  imbedded  "die  latter  in  a  crucible,  lute  on  a  coYcr,  and  eEq>osB  the 
crucible  to  a  red  heat.  When?  the  crucibfe  has  been  removed  from  the  funxaee^  and 
allowed  to  cool,  the  pellets  are  ready  for  treatment  with  chlorine,  a.s  directed.  The 
resulting  cHbride  of  silicon:  must  be  conected"  in  a  receiver,  maintained  cool  by  a 
mixture  of  ice  and  salt. 

iVa/?erftie«.— CMorrde  of  silicon  is  a  Rrapid*  transparent  ftuid,  colourlless  when  pure, 
having  a  density  of  1*52,  boilihg  at  138*  Fah.,  and  fuming  when  exposed  to  the'  air, 
on  account  of  aqueous  moisture  present  in  the  latter.  When  brought  into  contact 
with  water,  it  is  immediately  decompose^  yieldurg  liydrochforic  and  sflixjic  acidsj  as 
akeady  described. 

**  CAUBOK. 

Equivalent  or  atomic  weight         .  .    =r  8. 

Carbon  ia  oan  of  the  most  impertantef  ahemical  elements..  Whcthci*  we  contem- 
plate ther  widely  different  aspects  ft.  can.  afifiume.  when  uneombined^  or  the  wonderful 
facility  o£  uniUng  wiiih  other  bodies,  which-  it  ijosaesses^  carbon  offers  pre-eminent 
claims  to  the  attention  of  the  chemist. 

Although  carbon,  both  in  its  simple,  or  uncombined  state,  and  in  combination,  is 
found  ilk  thm;  minerd.  kingdom,  yet  sb  in-  the  element  whichy  patf  $aadleneej  mai$  be 
regarded  as  belonging toi esganieBatuie.  Henc»by  for  tlie  gceaten  number  of  eaxbon 
eomyounda  will  come  under  the  readarfffnotiee  u^dor  the  head  of  .organic  chemistry;, 
yet  it  must  be  understood  that  the  limit  separating  inorganic  from  organic  chcmiatry 
is  purely  conventionaii.  Carbon,  in-  its'  pure-  and-  crystalline  state,  is  the  well-known, 
though  rase  andi^coatiy,.  diamond.  It  also  oecuxs  native,  and  almost  pure,  as  plumbago, 
graphite,  er  bkck4ead...  Carbon,- under  every  form,  of  aggregation,  is  totally  infusible 
at  the  highest  known  temperatures  Ignited?  in*  an  atmosphere  of  oxygen,  however, 
even  the  diamond  bums,  and  so  combustible  is  the  porous  carbon  astificiaUy  produced, 
and  known  under  the  name  of  charcoal,  that  it  constitutes  an  ordinary  fueL  All  the 
ordinary  materials  from  the  combustion  of  which  we  develop  light  and?  heat  are,  in 
point  of  fkct,  either  carbon,  or  combinations  of  carbon  with  hydrogen ;  and  in  con- 
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nection  with  this  fact  should  be  mentioned  the  important  characteristic  that  the  result 
of  the  combustion  of  carbon  is  gaseous.  Had  that  result  been  a  solid,  none  of  our 
ordinary  materials  of  fuel  could  have  been  employed  for  this  purpose. 

It  would  be  out  of  place  in  a  treatise  on  chemistry  to  enter  upon  seyeral  details 
concerning  the  diamond,  which  dcriye  their  interest  mainly  from  the  adventitious  and, 
to  the  chemist,  the  unimportant  fact  that  the  gem  is  so  highly  prized.  It  will  suffice 
to  mention  that  the  gem  crystallizes  in  forms  belonging  to  the  regular,  or  tessolar, 
system;  that  it  is  the  hardest  substance  known;  and  that  all  attempts  at  its  artifLcial 
formation  have  been  in  yain.  It  is  found  in  certain  alluvial  districts  of  India  and 
Brazil,  and  is  believed  by  many  chemists  to  be  a  result  of  organic  decomposition.  The 
nature  of  this  decomposition  is  still  a  mystery ;  but  the  experiment  of  converting  the 
diamond  into  coke  by  igniting  it  intensely  between  two  charcoal  points  transmitting 
voltaic  electricity,  seems  to  prove  that  elevated  temperature  can  have  had  no  part  in 
its  original  formation. 

Crystallized  carbon  is  not  only  found  naturally  in  the  form  of  the  diamond,  but  as 
a  mineral  species  known  by  the  appellation  plumbagine ;  the  crystals  of  this  material, 
however,  are  not  white  and  transparent,  but  black  and  opaque. 

The  specific  gravity  of  carbon  differs  for  each  of  its  physical  conditions.  Thus, 
the  specific  gravity  of  the  diamond  is  3*50,  whilst  the  specific  gravity  of  plumbago  is 
only  2-20,  and  of  powdered  coke  from  1-60  to  200. 

The  conducting  power  of  carbon  for  electricity  not  only  varies  for  various  phy- 
sical aspects  of  the  substance,  but  for  modifications  of  i^e  same  aspect.  Thus, 
although  ordinary  wood  charcoal,  prepared  at  no  very  high  temperature,  conducts 
electricity  badly,  charcoal,  prepared  at  high*  temperatures,  is  a  remarkably  good  con- 
ducting body. 

Certain  varieties  of  porous  charcoal  possess  the  remarkable  property  of  absorbing 
large  volumes  of  different  gases,  and  also  odorous  miasmata ;  and  certain  varieties, 
especially  those  resulting  from  incineration  of  animal  products,  have  the  property 
of  removing  vegetable  and  animal  colours.  This  latter  property  is  taken  advao' 
tage  of  very  extensively  in  the  prosecution  of  several  manufactures  on  the  large 
scale. 

Carbon  has  a  strong  tendency  to  unite  with  oxygen,  when  exposed  to  high  tem- 
peratures, in  admixture  with  bodies  containing  the  latter.  Hence  its  great  power  as  a 
reducing  agent  for  converting  metallic  oxides  into  the  respective  metals — a  process 
appropriately  known  by  the  term  reduction. 

Combinations  of  Cazbon  with  OiLygen.^There  are  several  combinations  of 
carbon  with  oxygen,  but  of  these  only  two  properly  belong  to  the  department  of 
inorganic  chemistry.  These  are  carbonic  oxide  and  carbonic  acid.  Their  composition  [" 
is  as  follows : — 


Carbonic    oxide 
Carbonic  acid 


Parts  by  weight. 

Equivalents  or  atoms,   j 

1 

Carbon. 
6 

6 

Oxygen. 
8 

16 

Carbon. 
1 

1 

Oxygen,    i 

1         1 
1 
2 
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Atomic  or  equivalent  weight 

=  22 

Atomic  or  equivalent  bieq 

•    =IJ 

Specific  gravity 

=  1-629 

Hutory^  Natural  Siatory,  and  Synanymes, — Carbonic  acid  was  discovered  by  Dr. 
Black  in  1757,  and  described  by  bim  as  fixed  air.  He  demonstrated  the  existence  of 
sarbonic  acid  in  limestone,  and  carbonate  of  magnesia,  and  showed  the  gas  to  be 
formed  as  a  consequence  of  respiration,  fermentation,  and  combustion.  Lavoisier  was 
the  first  to  demonstrate  its  composition  synthetically  by  the  now  common  operation  of 
igniting  charcoal  in  a  jar  of  oxygen  gas. 

Freparatian, — ^The  most  convenient  method  of  preparing  carbonic  acid  for  experi- 
mental purposes  consists  in  the  decomposition  of  a  carbonate  by  mixture  with  some 
acid  capable  of  displacing  the  carbonic.  In  practice,  marble  broken  into  smaU  pieces 
is  the  most  convenient  form  of  carbonate,  and  aqueous  hydrochloric  acid  (spirit  of  salt) 
is  the  most  eligible  acid.  As  the  application  of  heat  is  unnecessary  in  conducting  this 
operation,  the  generating  vessel  [may  be  a  wide-mouthed  bottle,  to  which  a  ^innel 
apparatus  and  bent  tube  have  been  attached.  It  may  be  collected  either  over  water, 
mercury,  or  by  displacement.  Water  dissolves  about  its  own  volume  of  carbonic  acid 
pi8  at  ordinary  temperatures  and  pressures ;  but  this  amount  is  not  sufficiently  great 
to  interfere  with  the  collection  of  carbonic  acid  over  water. 

The  decomposition  which  ensues  when  carbonate  of  lime  (marble)  is  brought  into 
contact  with  hydrochloric  acid  is  as  follows : —  __ 


Marble     T  Carbonic  acid -escapes. 


(cjurbonate  <  j^^  (  Oxygen y  Water 


of  lime)     (•^^*™    (  Calcium  v^ 

Hydrochloric  ( Hydrogen  .  .  .  /^ 

acid         (Chlorine  .  .  .  .  ____\, Chloride  of  calcium 

Or  in  symbolic  notation  it  is  thus  represented  :— 

CaOiCOa  +  HCl  =  CaCl  +  HO  +  COjj. 

Frop&rties.^Caxbomc  acid,  under  ordinary  temperatures  and  pressures,  is  a  pungent, 
M)lourless,  heavy  gas ;  at  60°  Fah:,  and  under  a  pressure  of  30  inches  bar.,  100  cubic 
nches  weigh  50*03856  grains.  Carbonic  acid  was  amongst  the  first  of  gaseous  bodies 
converted  into  the  liquid  condition,  and  furnished  chemists  with  the  first  example  of  a 
gaseous  body  reduced  to  the  state  of  solidity.  At  the  temperature  of  32''  Fah.  the 
iquefaction  of  carbonic  acid  may  be  accomplished  under  a  pressure  of  36  atmospheres ; 
)ut  if  the  temperature  be  reduced  to  14°  the  same  result  may  be  accomplished  by  a 
)ressure  of  27  atmospheres.  At  the  low  temperature  of  —  22°  Fah.,  producible  by 
nixing  together  crystallized  chloride  of  calcium  and  ice,  its  liquefaction  maybe  accom- 
jlished  at  a  pressure  of  18  atmospheres.  Liquid  carbonic  acid  is  a  colourless  liquid, 
i?^hich  if  cooled  down  to  the  very  low  temperature  of  about  —  94°  Fah.  freezes. 

Carbonic  acid  is  soluble  in  water  even  at  ordinary  temperatures  and  pressures, 
conferring  upon  the  liquid  a  brisk,  agreeable  taste.  All  effervescent  alcoholic  liquors 
xold  carbonic  acid  in  solution;  so  do  ginger-beer  and  soda-water.  Much  of  the 
lo-callcd  soda-water  found  in  commerce  is  totally  devoid  of  soda  or  other  alkali,  being 
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merely  a  solution  of  carbonic  acid  in  water  under  pressure.  A  somewhat  remarkable 
circumstance  in  relation  to  the  quantity  of  carbonic  acid  capable  of  being  absorbed  by 
water  is  this  :~Whatoyer  be  the  density  of  the  carbonic  acid,  water  dissolres  a  ydame 
of  it  nearly  equal  to  its  own. 

Carbonic  acid,  in  its  gaseous  or  ordinary  condition,  is  a  heayy,  irrespirable, 
incombustible  gas,  neither  capable  of  supporting  combustion  nor  tiie  function  of 
respiration.  Both  the  gas  and  its  aqueous  soluti^m  redden  litmni-paper  tebly,  thereby 
manifesting  a  oharacteristio  of  acidity.  The  acid  pcopertiesy  howttrer,  of  cn-bonic  aoad 
are  so  weakly  pronounced  that  its  oombinatioDS  with  bases  (carbonates)  art  dacompoied 
by  almost  every  other  acid,  oarbonie  acid  being  evolved.  Garbonio  acid,  and  ifi 
aqueous  solutum,  are  rapidly  absorbed  by  the  oanstic  alkalies  and  alkalino  earths,  a 
carbonate  being  generated  in  either  case.  Carbonates  of  alkalies  axe  SftluhlB,  thoae  of 
the  eartbs  insoluble.  The  white  precipitate  generated  in  sections  of  lima  or  hvyta 
(lime  or  baryta  water),  by  the  transmission  of  oarbonie  acid,  or  the  addition  of  carbonin 
acid  in  solution,  or  a  carbonate,  is,  when  individualised  by  other  aeoesnry  tests,  a 
oonveniont  means  of  indicating  the  presence  of  oarbonie  acid.  Thus,  if  a  gas  or  a 
solution  yield  a  white  precipitate  with  lime  or  baryta  water,  the  precipitate  Moy  be  a 
otrbonatc.  If  the  precipiute  dissolve  in  nitric  or  hydrochloric  acid,  evolving  a 
gas  which  manifests  the  peculiar  characteristics  of  carbonic  acid  gas,  it  wuiti  be 
acarboilato. 

Tho  functions  of  carbonic  acid  are  very  important  in  nature.  It  is  alw&ja  pEesent 
in  the  atmosphere,  though  the  quantity  is  variable,  ranging  fioom  *4  to  '6  per  cent. 
Trivial  though  this  amount  may  seem,  it  sufBices  to  afford  the  neoeasaxy  quantiiy  of 
carbon  to  the  whole  vegetable  creation.  As  regards  the  mineral  kingdom,  vast  stoies 
of  carbonic  acid  arc  locked  up  in  tho  form  of  carbonates,  chiefly  of  lime.  In  some 
localities  these  carboaates  arc  decomposed  by  natural  eanses,  when  carbonic  acid  of 
course  escapes.  Being  heavier  than  the  atmospheric  air,  earbonic  acid  may  be  poured 
fh>m  one  yessel  to  another  in  the  manner  of  a  liquid ;  hence,  if  it  happen  to  be 
liberated  in  a  pit  or  Tolley,  it  lingers  there,  and  may  be  recognised  by  its  effects. 

The  celebrated  Grotto  del  Cane,  near  Naples,  owes  its  mephitic  properties  to  csr- 
bonic  acid  thus  collected ;  and  the  secret  of  its  proving  fiital  to  dogs,  though  fkiUng  to 
injure  human  beings,  k  easily  explained.  The  Grotto  del  Cane  is  formed  in  such  a 
manner,  that  it  may  be  compared  to  a  pitcher  lying  on  its  side,  from  which  arrange- 
ment it  follows  that  the  acoumnlatcd  gas  can  never  rise  sufficiently  high  to  affset  the 
breathing  organs  of  a  human  being,  though  a  small  quadruped  readily  anoembii^ 
because  its  mouth  and  noee  are  below  the  deadly  levt^l 

Still  more  celebrated  than  the  Grotto  dd  Cane,  but  not  so  commonly  anoeiated 
with  the  true  cause  of  dangt^r,  is  the  celobnited  Poison  Valley  of  Java,  the  deadly 
influence  of  whieh  was  attributed,  by  the  early  Dutch  travelleTs,  to  tho  Upas  tree. 
There  are  pois^moiis  trees  in  Java  termed  Fpas,  and  the  concentrated  Upaa  juice  is 
sufiieiently  terrible :  but  the  acoounts  once  roceived  as  true,  to  the  effect  that  only  one 
tree  of  the  kind  gn'w  in  JaT.a,  that  it  exhaled  a'poisonous  atmoephere  fiital  to  all  beiage, 
animal  and  v^^gt'table,  wiihin  a  radius  of  Mayoral  miles,  is  a  fable.  The  true  state  of 
the  ojiso  is  this  :  — Then»  is  in  Java  a  valley  about  holf-a-mile  in  diameter,  and  having 
very  stoop  sides.  This  valley  U  cbanred  with  carbonie  acid,  evolved  from  natural 
fl»ttn>s,  and  eons<^uent]y  rrprvsonts  the  phenomena  of  the  Grotto  dri  CSaaa  on  a  much 
largt^r  scale. 

Carbonic  aoid,  though  filling  an  important  part  in  the  general  eooncnny  of  nature, 
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is  not  eztensiyely  employed  for  artificial  purposes.  Many  of  its  salts,  especially  the 
carbonates  of  potash  and  soda,  are  largely  used  in  the  arts  and  mannfieustnres ;  hut  they 
are  inrariably  made  by  indirect  processes  not  inrolying  the  primary  employment  of 
carbonic  acid.  Perhaps  the  most  ingenious  and  refined  application  of  carbonic  acid  is 
its  employment  for  the  generation  of  extreme  degrees  of  cold.  This  is  effected  by  the 
spomtaneons  eraporation  of  liquid  carbonic  acid,  or  a  mixture  of  solid  carbonic  acid 
with  ether.  The  liquefaction  and  solidification  of  carbonic  acid  have  been  already 
adverted  to ;  the  method  now  requires  to  be  indicated  by  which  the  liquefaction  and 
solidxfioation  in  question  are  accomplished,  both  on  the  small  and  the  large  scale.  On 
the  small  scale  the  liquefation  of  carbonic  acid  was  first  accomplished  by  Mr.  Faraday, 
by  exposing  it  to  the  pressure  of  its  own  C 

elasticity.  Into  a  tubular  apparatus,  bent 
asTspreeentedinthe  accompanying  diagram, 
tome  oil  of  yitriol  and  bicarbonate  of  soda 
or  potash  are  placed,  the  former  deposited      /J^  ^^^ii 

in  the  bend  b^  the  latter  in  the  bend  a ; 
kstly,  the  tube  is  carefully  fused  at  c^f* 
especial  care  being  taken  to  prevent  admixture  of  the  carbonate  with  the  oil  of  vitriol. 
The  glass  being  sealed  and  the  apparatus  well  cooled,  a  certain  inclination  is  given  to 
the  instrument,  by  which  means  the  sulphuric  acid  and  the  bicarbonate  are  brought 
into  oontact.  Decomiwsition  of  the  bicarbonate  ensues,  carbonic  acid  is  evolved,  and 
the  extremity,  /,  of  the  tube  apparatus,  being  cooled  by  a  mixture  of  ice  and  snow, 
liquid  carbonie  acid  condenses. 

The  same  general  principle  is  adopted  in  the  generation  of  large  quantities  of 

liquid  carbo- 
nic acid,  but 
the  apparatus 
is  necessarily 
modified.  It 
consists  of  two 
separate  ves- 
sels, the  gene- 
rator and  the 
receiver,  as 
represented  in 
the  accom- 
panying dia- 
gram, in  which 
the  vertical 
cylinder  repre*- 
sentsthe  gene- 
rator, the  hori- 
zontal one  the 
receiver.  Both 

are  constructed  of  metal— lead  encased  in  copper  is  the  safest,  and  in  all  respects  the 
best,  though  cast-iron  was  employed  originally.  "Without  describing  minutely  the 
various  parts  of  this  apparatus,  it  will  suffice  to  mention  that  the  receiver  is  so  con- 
structed that  a  portion  of  bicarbonate  of  soda  having  been  dissolved  in  water  and  poured 
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,  a  Blonder  cylmder  of  copper  dosed  at  one  extremity,  as  TcpresenUd  bcloir,  msy  be 
humg  within  the  eylmdrical  cayity.  Supposing  ihiB  dispositioB  to  liaTe  been 
madef  it  follows  that  no  d0compoHitiQ»  can  ensue  untU  the  Bulphtmc  acid  and 
bicarbonate  of  aod&  have  come  into  contact^  which  can  be  effecttd  at  any  time, 
sjimply  by  inverting  tbo  generating  cylinder  ;  to  fttcilitate  which  operation  it  k 
swung  on  a  pivot.  Let  ua  assume  then  that,  after  eecunng  a  proper  eommmii- 
cution  between  the  yerticalf  or  generating  yeasel^  and  the  horizontaJ,  or  receiying 
oti&f  the  former  ie  inverted^  eauaiog  the  aulphuric  acid  wkHn  it  to  flow  out  and 
come  into  contact  with  the  bicarbonate  of  aoda.  Ko  anonerdoes  tMa  take  plac? 
than  decomposition  of  the  bicarbonate  resulta,  earbonie  acid  la  evolved^  and,  pass- 
ing through  the  slender  tube  of  commumcation  into  tho  horizontal  receiver,  is 
T  there  condensed  into  the  liquid  form. 
It  remoina  now  to  be  Ahown  how  carbonio  acid  from  the  Uqnid  may  be  converted 
into  the  solid  state.  The  student  is  desired  to  reflect  that  the  act  of  evaporation  always 
produces  cold,  and  that,  eei^is  paribus^  the  degre^^  of  cold  is  conunensurate  with  thA 
rapidity  of  the  evaporative  prcf  ess.  Hence  it  i^  that  the  sen^mtion  of  extreme  cold  ii 
f  ecogniecd  when  ether  is  poured  upon  the  akin  j  and  if  that  liquid  be  poured  upon  1 
thin  glass  bulb  containing  water,  the  water  may  be  frozen,  Menee  It  is,  too,  that 
water  may  be  frozen  by  the  cold  re&ulting  from  its  own  evaporation  nnder  the 
e^iauated  receiver  of  an  air-pump. 

Bearing  these  facta  in  mind,  it  will  readily  be  conceived  that  the  evaporation  of  * 
liquid,  so  yolatOe  aa  liquid  carbonic  acid — a  liquid  which  can  only  be  made  to  retftiD 
Its  condition  of  liquidity  by  artifici^  means— must  he  very  rapid ;  and  being  bo,  that  its 
evaporation  must  produce  much  eold.  Snch^  indeed,  is  the  fact :  so  intense  is  the  cold 
that  one  portion  of  liquid  carbonic  acid  is  frozen  by  the  evaporation  of  another  portion. 
Returning  now  to  on  exauiiuation  of  the  horizontal  receiving  vessel,  it  will  be  seen 
that  the  email  extremity  of  the  connecting  tube  between  it  and  the  generator  gees 
almost  down  to  the  bottom  of  tlic  receiving  vessel,  from  which  disposition  it  necessarily 
follows  that  if  the  reeeiver  be  disconnected  from  tlie  generator,  and  if  free  communica- 
tion be  established  between  its  cavity  and  the  external  air,  a  jet  of  liquid  carbonic  ocid 
will  bo  forced  out.  No  sooner  does  this  jot  distribute  itself  than  a  portion  of  liqnid 
oarhonic  acid  becomes  converted  into  a  material  like  snow-  M.  Thilorier,  who  wss 
the  first  to  generate  aoHd  carbonic  ncid,  not  only  devised  the  apparatus  just  described, 
hut  also  a  VL*ry  ingenious  box  for  collecting 
Uie  solid  acid.  This  boi  Is  represented  by 
the  subjoined  diagrams. 

It  consists  of  two  parts,  one  of  which 
fits  into  the  other.  Each  part  is  supplied 
with  a  bellow  handlo,  and  one  part  is  fur- 
nished with  a  tangential  jet,  represent  by 
the  smallest  figure  in  the  diagram.  The 
Operation  of  the  iustrumeat  is  as  follows :— 
Instead  of  allowing  a  jet  of  liquid  carbo- 
nic acid  to  escape  into  the  air  and  to  bo 
dispersed^  it  is  caused  to  pass  into  the 
box  through  i^e  tangential  jet.  Owing  to 
this  tangential  direction,  it  is  caused  to 
circulate  around  the  box.     The  fact  need  scaTccIy  be  indicated  fiat  no  sooner  does  tlifl 
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jet  of  carbonio  acid  enter  the  box  than  a  portion  &eezeS|  owing  to  the  cold  produced  by 
the  rapid  evaporation  of  the  other  portion.  Hence,  the  box  contains  a  mixture  of 
gaseous  and  solid  carbonic  acid  gas.  Biit  free  communication  is  established  between 
the  inside  of  the  box  and  the  atmosphere  without  by  means  of  the  hollow  handles ; 
consequently  all  the  gaseous  portion  readily  escapes,  whilst  all  the  solid  portion  remains 
behind,  and  may  be  easily  obtained  by  opening  the  box. 

Solid  carbonic  acid,  as  thus  produced,  is  capable  of  producing  an  intense  degree  of 
cold,  as  we  shall  presently  discover ;  nevertheless,  it  may  be  handled  with  impunity — 
indeed,  except  it  be  forcibly  squeezed,  no  particular  sensation  of  coldness  is  remarked. 
This  circumstance  is  easily  accounted  for.  So  great  is  the  difference  between  the 
temperature  of  the  carbonic  acid  and  the  temperature  of  the  skin,  that  actual  contact 
between  the  two  does  not  occur — ^the  solid  carbonic  acid  being  enveloped  by  an 
atmosphere  of  gas,  and  thus,  like  all  gaseous  bodies^  having  very  imperfect  powers  of 
thermic  conduction.  Hence,  when  it  is  desired  to  apply  the  full  cooling  powers  of 
carbonic  acid,  the  substance  has  to  be  mixed  with  ether,  in  which  it  partially  dissolves, 
forming  a  sort  of  paste.  To  touch  this  paste  with  the  finger  would  be  somewhat  more 
dangerous  than  the  act  of  touching  a  red-hot  piece  of  iron ;  the  application  of  extreme 
cold  producing  the  same  physiological  effects  as  the  application  of  extreme  heat.  By' 
means  of  this  ethereal  paste  the  most  surprising  effects  of  cold  may  be  developed. 
Quicksilver,  when  poured  into  it,  causes  a  hissing  noise,  as  when  red-hot  iron  is 
plunged  into  water,  and  the  metal  is  frozen  at  once.  But,  by  peculiar  management, 
the  ethereal  paste  of  carbonic  acid  may  be  caused  to  develop  still  lower  degrees  of  cold. 
Its  evaporation  may  be  accelerated  by  placing  it  imder  an  air-pump  receiver,  and 
creating  a  vacuum.  In  this  way  the  astonishingly-low  temperature  of  —  148'*  Fah., — 
in  other  words,  148°  below  zero,  or  ISC'*  below  freezing  point — has  been  produced. 

Analytical  Determination  of  Carbonic  Aeid. — The  means  of  estimating  carbonic  acid 
qualitatively  have  already  been  mentioned;  it  remains,  therefore,  to  indicate  the 
method  of  its  quantitative  determination.  This  is  usually  accomplished  by  transmitting 
it  through  a  solution  of  caustic  potash,  which  absorbs  it  completely,  the  solution 
acquiring  an  increase  of  weight  proportionate  to  the  amount  of  carbonic  acid  absorbed. 
In  this  manner,  the  amount  of  carbonic  acid  contained  in  any  gaseous  mixture  admits 
of  being  determined  exactly,  which  is  a  matter  of  very  great  importance  to  the  chemist, 
more  especially  when  prosecuting  organic  analyses,  in  the  course  of  which  the  total 
amount  of  carbon  entering  into  the  composition  of  a  body  is  estimated,  not  as  carbon, 
but  as  carbonic  acid.  We  have  already  seen  that  charcoal  (carbon),  when  burned  in 
oxygen,  yields  an  acid  result  (p.  284).  If  the  experiment  of  charcoal  combustion  be  now 
repeated,  the  gaseous  result  will  be  found  to  be  endowed  with  the  property  of  uniting 
with  the  lime  of  lime-water,  rendering  the  fluid  turbid,  and  also  with  caustic  potash 
or  soda. 

These  facts  may  bo  readily  demonstrated  by  burning  a  piece  of  charcoal  in  two 
bottles,  respectively  filled  with  oxygen  gas ;  when  the  charcoal  has  ceased  burning, 
a  lighted  taper,  if  immersed  in  either  of  the  bottles,  will  be  extinguished,  thus  proving 
the  existence  of  carbonic  acid ;  but  if  a  lump  of  quicklime,  moistened  with  water,  be 
thrown  into  one  bottle,  and  a  portion  of  liquor  potassse  into  the  other,  each  bottle 
occluded  with  a  glass  plate  (not  the  stopper,  which  would  become  fixed),  and  agitated 
for  a  few  instants,  all  the  previously-contained  carbonic  acid  will  be  found,  on  opening 
the  bottle,  to  have  disappeared,  as  evidenced  by  a  lighted  taper  no  longer  refusing  to 
j   bum.    Beadily  though  carbonic  acid  is  absorbed  by  solution  of  alkali,  a  perfectly 
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Tmexceptionable  dovico  for  accomplishing  this  absorption  is  only  a  disooroy  of  the 
last  few  years,  and  the  merit  of  devising  it  belongs  to  Liebig. 

It  consists  of  a  glass  tube,  bent,  as  rcprcsclitcd  in  the  following  diagram,  and  ex- 
panded into  five  bulbs.  The  whole  apparatus  is  constructed  of  rery  li^it  ^ao,  so 
that  when  partially  filled  with  alkaline  solution  it  will  not  be  too  k^Ty  for  wa|^dng 
in  a  delicate  chemical  balance.  The  fact  needs  scarcely  bo  indicated,  thai  the  bulb 
apparatus  presents  a  current  of  carbonic  acid  transmitted  through  it  to  the  alkaline 
solution,  under  conditions  very  favourable  to  the  complete  absorption  of  the  gas :  sneh 
is  its  intention.  To  convey  an  idea  of  the  uses  of  this  instrument,  let  us  imagina  tha 
^following  cose : — ^Assuming  that  the  potash  bulb  apparatus,  with  its  chaige  of  alka- 
line liquid,  weighs  eight  hundred  grains,  let  us  suppose  a  piece  of  ohszooal  to  hare 
been  burned  in  contact  with  oxygen,  converted  into  carbonic  acid  gas,  and  the  lattor 
passed  into  one  extremity  of  our  potash  bulb  apparatus;  thrmgh  the  apparatus  it  will 
not  go,  inasmuch  as  the  contained  alkaline  solution  will  absorb  the  gas.  Under  tiisiB 
circumstances  the  potash  bulb  will  have  incieased  in  wei^ 
by  a  certain  amount,  corresponding  with  the  weight  of  car- 
bonic acid  generated :  supposing  the  piece  of  carbon  bumed 
to  have  weighed  six  grains,  the  weight  of  carbonic  add  pzo- 
duced  will  be  twenty-two  grains,  and  the  weight  of  the  potadi 
bulb,  now  charged  with  carbonic  acid,  will  be  822  graiss. 
Sometimes,  in  practice,  the  conversion  of  carb(m  into  carbonie 
acid,  preparatory  to  its  estimation  in  the  manner  described, 
is  effected  by  heating  it  in  a  tube,  traversed  by  a  current  of 
oxygen  gas;  but,  more  frequently,  the  amount  of  oxygen 
necessary  for  combustion  is  yielded  by  some  oxidising  body,  for  tiiis  puipose  the 
Uack  oxide  of  copper  is  ordinarily  employed.  The  manipulative  details  required  in 
conducting  this  process  belong  to  Uie  department  of  organic  chemistry. 

CABBONIC  OXIDE. 

Equivalent  or  atomic  weight  .        .        .    ==  14 
Equivalent  or  atomic  volume  .        .        .=11 

Sometimes  a  pale  blue  lambent  flame  may  be  observed  burning  on  tlie  surfkcfe  of  a 
charcoal  fire ;  it  results  from  the  combustion  of  carbonic  oxide  gas,  the  nature  of 
which  may  be  half  inferred  from  a  consideration  of  the  circumstances  under  which  it 
occurs  in  the  example  before  us. 

Carbonic  oxide  may  be  regarded  as  the  result  of  deoxidation  of  carbonic  acid  by 
some  body  having  an  affinity  for  oxygen.  Carbon  is  a  body  of  this  kind ;  hence,  when 
carbonic  acid  comes  u^  contact  with  red-hot  charcoal  (carbon),  one  equivalent  of 
oxygen  is  removed  from  cveiy  equivalent  of  carbonic  acid,  and  carbonic  oxide  resolti* 
By  far  the  most  convenient  method  of  generating  this  gas  pure,  howeyer,  is  tiio 
following. 

Prd^ra^wn.— Oxalic  acid,  which  properly  belongs  to  the  department  of  orginic 
chemistry,  may  be  regarded  as  consisting  of  one  equivalent  of  carbonic  acid,  plus  one 
equivalent  of  car^nic  oxide.  At  least  anhydrous  oxalic  acid  has  this  composition— 
the  adid  which  combines  with  oxide  of  silver,  of  lead,  and  certain  other  bases.  Ordinaxj 
crystallized  oxalic  acid,  however,  contains  three  equivalents  of  water.  Two  of  these 
three  equivalents  may  be  removed  without  destroying  the  constitution  of  the  acid ;  but 
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without  the  tliird  th^  iicid  cannot  ciciat^^it  dividsB  into  eorbosio  oxide  ami  fjArbonic 
td^  Now,  oil  of  Titriol^  ue  yea  hayi  on  UHUiy  otcAiiDiifl  njwJgtiiiod,  hia  a  powerM 
tendsacy  to  UBile  with  water. 
By  TiTtyje  of  this  tomioncff 
vhsn  distilled  with  crystal- 
liEed  oxalic  acid  (oxalate  of 
water^  as  ^e  ifiay  with  pro- 
priety t^na  it),  it  deeontpo^ti 
that  eub^tance,  appxtrpriatizig 
aEiti  water,  and  liberating  cor- 
bonie  Glide  and  carbonic  acid 
ga^ea  mixed  together.  Now, 
alkalies  absorb  carbonio  acid, 
but  do  not  absoTb  cai^boiiic 
oxide ;  theT^fore,  on  [Conducting  the  mix^  gases  into  liquor  potasBiie,  the  o^f  gaa 
which  bubbles  thfougk  the  latter  ii  carbonic  oxide.  Hence  ibe  proper  arrangement 
for  pnKiaring  carbonic  oxide  by  thia  proc^aa,  h  as  rcpresunted  abore. 

Fr&perii0s. — Carbonic  oxide  is  a  colourlesB,  inodorous  gaa,  devoid  of  aiild,  and  tff 
baislo  properties.  It  dooa  not  reader  lime  or  baryta  water  turbid,  ia  wllidi  tetpect  it 
di^ffera  from  carbanic  acid.  It  has  neycr  been  liqtwddd.  It  ia  very  poisonoiia  w!it>n 
taken  into  the  Inngs,  and  is  not  a  supporter  of  combustLon  ;  but  when  ignited,  it  buma 
with  a  pale  blue  Hame,  tBo  aole  reaidt  of  ita  combustion  being  carbonic  acid*  The 
speciAc  gravity  of  eorbonic  oxido  i$  '9674. 

BlTIiFlltfE  WITH   CA^RBON   (3^I<F]II]>B,   OA  gXTLrHUBST  07  CABBOV). 

One  oombinatjou  of  sulphur  witb  carbou  is  known  to  nbemiets.  It  ie  the  bi(n&l<^ 
phuret,  aod  com  posed,  therefore,  of  one  equivalant  of  car  be  a  plus  two  of  sulphur* 
Hence  its  atomic  weight  is  32  H-  6,  or  38. 

Prepurntion. — By  tmnamitting  sulphnr  Taponr  over  red-hot  dBarcoal. 

Proptrties.—K  colourless  liquor,  possessing  an  extr^nijely  dlsagralable  odour,  and 
haTing  a  Bpecific  gravity  of  1-271  at  60*  Fah. 

CARBON  AMD  IVITnoaVN    (BIC4nBnnnT  OF  IfJtnOOVN,   0£  OTA}rD<j^^). 

Bquivident  or  atomic  weight  ,        .        ,    ^  26 

EqniYalent  or  atomlo  Tolnme  *        .        .    =^ 

SpeciSc  graiity ^  I-S6 

Gmtraf  Ematrki. — Cyanogen  was  dtscovefred  by  M.  Gay  Lussac.  It  posiessca 
great  impofrtance,  both  praoticnl  and  theoretical ;  practical,  on  account  of  its  being  a 
DonatitDent  of  hydrocyanic,  m  prnsaic  acid,  and  a  vast  number  of  useful  oomponnd 
bodies ;  theoretical,  as  furnisliing  the  moat  prominent  example  of  a  compound  body 
acting  like  a  simple  ouc  in  chamieal  combinatiouf^.  Thus,  it  combines  with  hydrogen, 
fbntnng  hydrocyanic,  or  prusdc  acid,  the  analogue  of  hydrocbloric  acid ;  with  oxygen, 
to  form  cyanic  acid,  and  in  like  manner  for  ^any  othier  combinatioai.  Perhaps 
eyanckgen^  on  aoeotmt  of  its  numerous  OTganic  relatione,  belonp  with  moat  propriety 
to  tho  domain  of  organic  chemistry  ;  neverthdes^  its  general  characteristics  so  mnoh 
resemble  those  of  chlorine,  iodine^  bronune,  and  fluonne,  that  we  will  enter  npon  its 
caitfideration  here. 


892  CYANOOBN. 

Fir$paration, — ^Direct  combmation  of  carbon  with  nitrogen  has  nerer  yet 
efiected,  hence  an  indirect  process  is  requisite  for  generating  cyanogen.  This  iz 
process  consiBts  in  heating  cyanide,  or  cyanuret  of  mercury.  A  small  bent  to; 
represented  by  the  following  diagram,  may  be  employed,  and  the  gas  may  be  oq3 
either  over  water  or  mercury. 

If  considerable  quantities  of  the  gas  are  required,  it  is  hardly  necessary  to  m> 
that  the  bent  tube  must  be  discarded,  and  a  small  retort  employed  instead. 

Ab  the  decomposition  proceeds,  gaseous  cyanogen  and  metallic  mercury  n 

liberated ;  but  there  also  remains 
retort  a  black  material  of  precise 
same  composition  as  cyanogen,  i 
which  the  denomination  of  pan 
ogen  is  applied. 

Pro^r^Mf.— Cyanogen  is  a  eok 
gas,  possessing  an  odour  somethix 
that  of  peach  blossoms.  It  is  oo 
tible,  and  exceedingly  poisonouc 
all  known  gaseous  bodies  ojnno{ 
one  of  the  most  easily  condei 
By  employing  a  pressure  of  4 
atmospheres  it  may  be  liquet 
ordinary  temperatures ;  and  it  liquefies  without  pressure  if  cooled  down  to  4" 
Water  dissolves  4  or  5  times  its  own  volume  of  cyanogen  gas,  and  aleol 
much  as  20  or  25  volumes.  Both  alcoholic  and  aqueous  solutions  undergo  d 
position  by  keeping ;  a  brown  powder  being  deposited,  the  nature  of  which  hi 
been  determined. 

CTANOOEN  AND  HTBROOEN    (HYDROCYANIC,    OB  PRU88IC  ACID). 

Equivalent  or  atomic  weight     .        .        .    =  27 

Equivalent  or  atomic  volume   .  '    ^^  I 

Specific  gravity  of  vapour  .    =:        '947 

Specificgravity  of  liquid  .  .    =        -697 

Various  processes  have  been  devised  for  generating  hydrocyanic,  or  prussic 
differing  in  their  nature  according  to  the  strength  of  acid  required. 

ANHYD&OUS  HYDBOCYANIC  ACID. 

Prtparmtiom — ^Andydrous  hydrocyanic  acid  may  be  prepared  by  transmitt 
current  of  hydrochloric  acid  gas  over  cyanide  of  mercury  placed  in  a  glass  tub 
condensung  in  a  XT-tube,  cooled  by  a  mixture  of  ice  and  salt,  the  liberated  hydnx 
add,  in  which  case  the  decomposition  is  as  follows : — 

HgCy  +  HCl  =  HgCl  +  HCy. 
But  still  better  is  it  to  substitute  a  current  of  hydrosulphunc  acid  gas  for  the  1 
chloric    The  amngement  of  apparatus  for  conducting  the  operation  is  as  follon 

The  botUe  A  contains  fragments  of  sulphuret  of  iron,  up<m  which  dilute  snl] 
add  may  be  poured  by  means  of  the  funnel/,  and  hydroeulphuric  acid  wiU,  nf  o 
be  liberated  (page  S49) ;  but  the  gas  is  duurged  with  aqueous  vapour,  fitmi  wh 
must  be  freed :  this  is  accomplished  by  causing  it  to  traverse  some  fiagma 
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chloride  of  calcium  contained  in  the  tube  P  ;  passing  on,  it  eventually  comes  in  contact 
with  crystals  of  cyan- 
ide of  mercury  con- 
tained in  the  tube  Q, 
and  no  sooner  does  it 
touch  them  than  de- 
composition ensues, 
sulphuret  of  mercury 
being  formed,  and 
hydrocyanic  acid  es- 
caping into  the  cooled 
XJ-tube,  where  it  con- 
denses into  the  fluid 

condition.  In  order  to  obtain  the  hydrocyanic  acid  completely  unmixed  with  hydro- 
sulphuric  acid,  it  is  necessary  to  terminate  the  operation  while  yet  a  portion  of  the 
eyanide  of  mercury  remains  imdecomposed.  The  progress  of  decomposition  can  be 
readily  determined  by  noticing  the  colour  of  the  materials  in  the  tube— sulphuret  of 
mercury  is  black,  and  cyanide  of  mercury  white ;  moreover,  the  process  of  decom- 
position is  regular,  beginning  at  the  extremity  of  the  tube  Q  nearest  to  the  generating 
bottle,  and  thence  gradually  proceeding  to  the  farther  extremity. 

Properties. — Anhydrous  hydrocyanic  acid  is  a  colourless  liquid,  and  one  of  the  most 
poisonous  compounds  known.  A  single  drop  placed  on  the  tongue  or  in  the  eye  of  a 
sfxong  dog,  kills  the  animal  instantaneously,  and  its  vapour  taken  into  the  lungs  is 
quite  as  deadly.  For  this  reason  the  operation  of  preparing  the  anhydrous  acid  must 
be  conducted  with  extreme  care.  Anhydrous  hydrocyanic  acid  is  exceedingly  volatile ; 
for  this  reason,  when  poured  upon  a  flat  surface,  one  part  freezes  by  the  cold  resulting 
from  the  evaporation  of  the  rest. 

IMlnte  Hydzociranic  Acid.— Hydrocyanic  acid  dissolves  in  water  in  all  propor- 
tions, and  is  frequently  manufactured  in  the  dilute  state.  That  which  is  known  in 
commerce  as  Scheele's  strength  is  a  five  per  cent,  acid ;  but  the  dilute  hydrocyanic  acid 
of  the  London  PharmacoBpia  only  contains  two  per  cent.  For  preparing  the  acid  on 
the  large  scale  the  following  process  may  be  adopted  with  advantage  : — To  6  lbs. 
avoirdupois  of  powdered  prussiate  of  potash  (ferrocyanide  of  potassium)  in  a  capacious 
retort  add  a  mixture  of  4}  lbs.  oil  of  vitriol,  and  12  pints  of  water.  Distil  by  the  heat 
of  a  sand-bath  into  2  gallons  of  water,  until  the  materials  in  the  retort  acquire  the 
consistence  of  a  thick  paste.  The  resulting  dilute  acid  will  be  stronger  than  acid  of 
Scheele's  strength  (5  per  cent.),  but  the  determination  of  its  exact  strength  requires 
an  analytical  process  of  the  following  kind : — "Weigh  off  any  convenient  quantity  of 
the  acid — say  50  grains — and  add  solution  of  nitrate  of  silver  until  no  further  pre- 
cipitation ensues.  Collect  the  precipitate  on  a  tared  filter,  wash  it  thoroughly  dry, 
and  weigh.  The  white  precipitate  is  cyanide,  of  silver,  every  134  parts  of  whicb 
correspond  with  one  equivalent,  or  27  parts,  of  hydrocyanic  acid ;  consequently  it  wiU 
be  seen  that,  by  dividing  the  weight  of  cyanide  of  silver  produced  by  5,  the  quotient 
indicates  the  quantity,  within  an  unimportant  fraction,  of  hydrocyanic  acid  present. 
As  regards  the  greater  number  of  solutions,  specific  gravity  is  correlative  with  strength ; 
but  dilute  hydrocyanic  acid  furnishes  an  exception  to  the  rule,  inasmuch  as  the  differ- 
ence of  its  specific  gravity  for  different  strengths  is  only  trifiing.  In  reducing  hydro- 
cyanic acid  of  one  strengUi  to  another  specified  strength,  the  following  considerations 
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most  be  attended  to.  Suppose  that  we  aim  at  the  manu&ctore  of  a  5  p«r  eei 
but  haying  tested  it  by  means  of  nitrate  of  silveri  50  grains  yield  13  grains  of  eyt 
silver.  Now  13  divided  by  5  give  5*2 ;  hence  the  dilute  acid  has  a  stieng[<ii  of 
cent.  But  we  desire  to  have  an  acid  of  exactly  6  per  cent. ;  therefore  we  n 
follows : — 5  per  cent,  is  one-twentieth ;  henoe,  if  we  take  twenty  parts  of  6  p 
acid,  and  eztraot  the  real  acid  firom  it,  th«  latter  will  be  found  to  have  been  i 
bination  with  19  parts  of  water ;  hence,  if  we  multiply  the  amount  of  real  aeid 
we  get  the  number  of  pai-ts  by  weight  of  water,  which  most  be  combined  wi 
form  an  acid  of  5  per  cent,  strength.  Now  20  X  5*2  =  10  i  ;  hence  every  1( 
of  tiie  acid  of  5*2  per  cent,  must  have  water  added  to  it  until  the  total  number  < 
by  weight  is  104.  To  every  100  parts  by  wn^^t  of  aeid  of  5*2  per  cent,  it 
therefore,  we  must  add  4  parts  of  water.  Frequently  in  practice  it  is  more  oon 
to  measure  than  to  weigh  liquids,  though  weighing  is  always  more  correct, 
operation  of  measuring  be  applied  to  data  relating  to  weight,  allowance  musi  I 
for  the  dilBerence  between  the  specific  gravities  of  the  liquids  operated  on.  1 
the  present  case,  dUate  hydrocyanic  acid  having  a  strength  of  5*2  per  cent,  pi 
the  specific  gravity  of  '996 ;  that  is  to  say,  it  is  lighter  than  water  in  the : 
'996  to  1 ;  hence  the  meaanre  of  a  pound  weight  of  water  will  not  hold  a  pound 

of  a  liquid  of  '995 ;  but  less  than  a  pound  in  the  ratio  of-^^^  to  1,  or  995  to 

hence,  in  ordw  to  make  up  the  pound  fi)r  every  1000  measures  of  water,  we  am 
1006  meaaorea  of  a  liquid  having  a  i^ecific  gravity  of  *995.    Now  1005  is  tfa 

aa  -55^ ;  it  is,  in  point  of  fact,  the  reciprocal  of  995,  or  unity  divided  by  995 

decimals  1006. 

The  decomposition  which  enaoea  in  the  preceding  operatkxi  has  been  stu 
the  late  Mr.  Everitt,*  according  to  whom  the  following  changes  occur : — 

/«  Carbon  . . -—^Yellow  aalt,  hiSsmcywadi 

6 Carbon  .  .n^  ^-^-^'''^^^/y  ^ potassium,  (?) 

8  Nitrogen . 
3  Nitrogen. s 


2  eq.  Ferrocvanide^ 
ofpotaaaiam     '^ 


8  eq.  w  ater  .  .  . 

6  eq.  Sulphuric 
add 


8  Nitrogen .   ^ 
IPotassmm/ 

8  PetMBTBIx 

i2Iron  .  •.  ./^ 
( 3  Hydrogen 
13  Oxygen 


3  Hydrocyanie  acii. 
3  Bisolphate  of  potaah. 


THE  METALS. 

(• — Perfectly  distinctive  though  the  charaoteri 
metals  on  oaaoal  observation  may  seem,  and  which  indeed  is  true  so  long  as  we  • 
our  attention  to  those  metals  which  ordinarily  come  under  onr  notice,  several  bod 
known  to  diemists  the  classification  of  which  is  by  no  meana  easy ;  so  thoroni 
they  unite  the  prominent  charaoteristjcs  of  metallic  with  those  of  non-metallie 
Nearly  all  the  arbitrary  qoaUtiea  which  at  various  times  have  been  ""^iM^iatt 
metals,  the  progreaa  of  diemical  discovery  has  in  turn  obliterated.  Atone  timea 
Inatwa  iqpyeaianoe  was  thought  to  be  neceasarily  characteristio  of  metala ;  hat 
•  •<  pui.  Mag.."  Febw  18SS. 
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quality  many  exceptions  are  known.  Great  specific  gravity,  again,  was  long  considered 
to  be  the  iuTariable  concomitant  of  the  metallic  state  ;  bat  the  discorery  of  the  alkaline 
zadicala — potassium  and  sodium — uniyersally  accepted  as  metals,  annihilated  the  dictum. 
Then,  again,  opacity  wes  said  to  be  an  inyariable  quality  of  the  metallic  state ;  but 
gold-leaf  may  be  beaten  so  thin  as  to  admit  the  passage  of  light,  not  through  little 
apertures  in  the  thinly-hammered  leaf,  but  through  the  substance  of  the  metal.  This 
is  proved  by  the  decomposition  which  white  light  undergoes  in  its  transit.  The  light 
which  passes  through  the  gold-leaf  is  invariably  green,  notwithstanding  that  the 
original  light  might  have  been  colourless.  With  the  exception  of  the  doubtful  example 
of  ammonium,  metals  have  never  been  decomposed.  The  alchemuts  believed  that  metals 
were  compound  bodies,  and  might  be  mutually  transformed  amongst  themselves— the 
common  metals  into  silver  and  gold,  and  those  too  back  again.  The  whole  tendency 
of  modem  chemistry  is  at  variance  with  this  assumption. 

As  regards  colour,  metals  present  but  little  variety.  Gold  is  the  only  yellow  metal, 
copper  and  titanium  are  red,  and  all  the  rest  are  more  or  less  white ;  the  shade  of 
whiteness  varying  from  the  pure  dead  white  of  silver  to  the  bluish-gray  of  lead.  With 
respect  to  the  state  of  their  physical  aggregation,  metals  differ  widely,  as  is  evidenced 
by  the  different  amount  of  malleability,  tenacity,  brittleness,  hardness,  and  softness 
possessed  by  different  metals.     Of  all  metals,  gold  is  the  most  malleable. 

Silver,  in  this  respect,  comes  next  to  gold ;  then  copper,  tin,  and  platinum.  Iron, 
palladium,  cadmium,  nickel,  lead,  potassium,  sodium,  and  mercury,  when  frozen,  are  all 
malleable.  Zinc  is  brittle  at  some  temperatures,  malleable  at  others,  llie  most  brittle 
metals  are  arsenic  and  antimony. 

The  amoimt  of  ductility  possessed  by  any  metal  is  correlative  with  its  tenacity  or 
power  of  being  drawn  out  into  fine  wire.  It  is  a  quality  somewhat  allied  to  malleabi- 
lity ;  however,  the  two  are  not  identical,  as  the  following  arrangement,  in  which  eight 
metals  are  arranged  in  the  order  of  their  tenacity,  will  prove : — 


Iron 

Gold 

Copper 

Zinc 

Platinum 

Tm 

Silver 

Lead 

TbB  tenacity  o«  a  wire  is  measured  by  the  suspensioB  of  weights'  until  the  wire 
breaks.    Jhe  weights  are  for  each  wire  correlative  with  its  tenacity. 

The  density,  or  specific  gravity,  of  metals  varies  between  wide  limits ;  platinum 
bemg  DMily  twenty-one  times  heavier  than  water,  potasonm  li^iter  than  water  in  the 
nitio  of  1  to  *86i6b  The  following  table  expresses  tiie  density,  or  speeifie  gnmty,  of 
theBMtals:— 

Plgtixumi 
Gold 

iNiDgBten 
Mereory  . 
Palladium 

saver 
BttmiitiK 
tfraninm 
Copper 


GoUt ' 


U  Gravity  of  Me 

tais.     Temp.  60** 

Fah. 

20-98 

Arsenic    . 

.        .      5-88 

19-26 

Nickel     . 

8-28 

17-60 

Iron 

7-79 

13-67 

Molybdenum 

7-40 

11-30  to  11-8 

Tin.        . 

7-29 

11-85 

Zinc 

••86  to  7*1 

10-47 

Manganese 

«*&§ 

9-82 

Antimony 

6-70 

9-00 

Tellurium 

6-11 

8-89 

Titanium 

5-30 

8-60 

Sodium    . 

•972 

8'^ 

PoUsiun 

•885 
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Fasible below  a  red 
heat 


Fusibility  of  Metals. — ^Fusibility  is  a  quality  common  most  probsbiy  t» 
metals.  Arsenic,  howerer,  when  heated  at  the  ordinary  atmospheric  pieaBoro  i 
from  the  solid  to  the  vaporous  condition,  without  passing  through  the  i 
state  of  liquidity.  The  temperature  at  which  the  fusion  of  metals  occurs  rariss  betw 
wide  limits — from  mercury,  which  is  fluid  at  ordinary  atmospheric  tempetatarM^ 
platinum  and  a  few  others,  which  are  infusible  at  the  highest  farnace  heats. 

The  following  table  indicates  the  fusion  point  of  metals : — 

Faa. 

Mercury — 39' 

Potassium 136* 

Sodium 190» 

Tin 442- 

Cadmium about      442* 

1  Bismuth 497* 
Lead 412* 
Tellurium rather  less  fusible  than  let 
Arsenic unknown. 
Zinc 
Antimony just  bdow  redness. 

Silver 1873* 

Copper 1996* 

Gold 2016* 

Cast  iron 2786* 

Pure  iron     \ 
Nickel 

Cobalt  y  Fusible  by  the  greatest  heat  of  a  wind  fiimaee. 

Manganese  I 
Palladium    / 
^  Molybdenum ' 

.  Imperfectly  fusible  in  a  wind  furnace. 


Not  fusible  by  the  highest  furnace  heats :  fiis 
in  the  flame  of  hydro-oxygen  blow-pipe. 


Uranium 
Tungsten 
Chromium 
Titanium 
Cerium 
Osmium 
Iridium 
Bhodium 
Platinum 
^  Columbium 

Iron,  platinum,  and  the  alkaline  metals  acquire  a  pasty  state  before  perfect  fiu 
owing  to  which  property,  two  or  more  pieces  may  be  hammered  or  pressed  into 
This  operation  is  termed  welding,  and  in  the  case  of  iron  and  platinum  it  is  tome 
practical  account.  Probably  all  metals  would  be  volatilized  if  a  sufficient  amom 
heat  could  be  applied.  Some  are  easily  volatilizable,  and  may,  therefore,  be  distil 
mercury,  arsenic,  and  tellurium  are  pre-eminent  in  this  respect,  both  passing  ot 
vapour  at  temperatures  below  redness.  Potassium,  sodium,  zinc,  and  cadmium 
only  volatile  when  heated  to  redness. 

ChmBical  Belstlons  of  BBetals.— Although  the  physical  properties  of 
metals  which  have  been  described  are  important  to  the  chemist,  nevertheless 
their  combining  properties  with  which  he  is  chiefly  concerned.  These  I  shall 
proceed  to  discuss. 

Dir^ei  Oambmaiiom  of  ike  Metals  with  eeth  other, — ^The  greater  number  of  m 
admit  of  being  fused  together  into  compound  metallic  masses,  to  which  the  general  1 
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alloy  is  applied,  proTided  mercury  do  not  form  part  of  the  combination,  in  whicb.  case 
the  term  amo^^am  is  employed.  Metals  capable  of  being  alloyed  apparently  unite  in 
all  proportions ;  nevertheless,  a  tendency  to  a  definite  atomic  constitution  is  generally 
recognizable  ;  and  when  the  due  atomic  proportions  are  departed  from,  the  resulting 
compound  manifests  indications  of  being  a  mere  mixture. 

Combinations  of  the  Second  Degree.— By  the  term  metallic  combina- 
tions of  the  second  degree  may  be  designated  the  results  of  the  union  of  metals 
with  non-metallic  elements,  such  as  oxygen,  chlorine,  sulphur,  silenium,  fluorine,  &c., 
constituting  oxides,  chlorides  or  chlorurets,  sulphides  or  sulphurets,  sclenides  or 
seleniurets,  fluorides  or  fluorurets,  &c.  Of  these  the  combintions  of  metals  with 
oxygen  are  the  most  numerous  and  important.  The  due  understanding  of  chemical 
nomenclature,  as  at  present  followed,  depends  upon  their  fiill  appreciation.  It  is, 
therefore,  necessary  to  treat  of  them  somewhat  in  detail. 

DUALITY   OB  COMBTNINO  TENDENCY   OF  ELECTBO-POSITIVE  AND  ELECTBO-NEGATrVE 

BADICALS. 

The  Acid  and  Basic  Fnnction.—The  most  superficial  investigation  of  chemical 
phenomena  wiU  render  evident  the  existence  of  two  functions  of  matter  chemically  con- 
sidered ;  functions  in  some  way  mutually  opposed,  but  correlative,  like  the  functions  of 
northness  and  southness  in  magnetic,  and  positive  and  negative  in  electrical  relations. 
To  define  these  functions,  to  systematise  them,  and  unravel  the  forces  which  determine 
them,  are  amongst  the  highest  aims  of  philosophic  chemistry,  and  have  occupied,  in 
succession,  all  the  master-minds  devoted  to  this  science.  In  endeavouring  to  present  the 
reader  with  an  outline  of  this  interesting  part  of  chemistry,  it  will  be  well  to  adopt,  pro- 
visionally, two  theories,  both  of  which  have  been  proved  incorrect,  but  which,  never- 
theless, have  left  such  a  deep  impress  on  the  structure  of  chemical  philosophy — ^have  so 
identified  themselves  with  chemical  expressions,  and  associated  themselves  with 
chemical  reasonings,  that  the  attempt  to  discard  them  altogether  produces  a  chaotic 
array  of  facts,  vague,  and  unsymmetrical.  The  hypotheses  here  adverted  to  are  the 
electro-chemical  theory  of  Davy,  and  the  acid  theory  of  Lavoisier. 

During  our  investigation  of  the  non-metaUic  bodies,  we  have  seen  that  they  are 
impelled  by  the  force  of  affinity,  or  chemical  attraction,  to  combine  with  each  other  ; 
but  we  have  hitherto  taken  no  account  of  ,the  difference  of  function  as  between  two 
combining  elements.  In  discussing  the  class  of  metallic  bodies,  this  consideration 
will  present  itself  emphatically.  We  shaU,  therefore,  do  well  to  acquire  some  consistent 
notions  respecting  it  at  once.  Perhaps  water  furnishes  the  best  starting-point  for  this 
train  of  inquiry.  Water,  the  reader  is  aware,  is  the  protoxide  of  hydrogen.  It  is  a 
compound  of  oxygen  with  hydrogen ;  and  if  water  be  decomposed  by  voltaic  electricity, 
its  oxygen  is  always  evolved  at  the  positive  pole,  or  extremity  of  the  battery,  its 
hydrogen  being  evolved  at  the  other.  Accepting  as  true  the  electro-chemical  theory 
of  Davy,  oxygen  goes  to  the  positive  pole,  or  end  of  the  voltaic  battery,  because,  beinff 
itself  negative,  it  is  attracted  there,  hydrogen  going  to  the  negative  pole,  or  end,  because 
of  its  own  positive  condition.  Under  the  head  of  Electricity,  it  has  been  shown  that 
the  assumption  of  Davy  is  untenable.  Neither  oxygen  nor  hydrogen  go  to  their 
respective  poles  because  of  their  being  attracted  thither,  and  for  this  reason  the  term 
pole  loses  its  former  significance.  The  decomposition  of  water,  however,  by  voltaic 
agency  obviously  points  to  the  existence  of  a  definite  duality  of  force — a  force  the 
direction  of  which  never  changes ;  consequently,  whatever  be  the  inaccuracy  of  the 
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eleetro-cliemical  theory,  the  term  electro-negatiYe  may  be  applied  to  ozTgen,  and 
eleotro-positiye  to  hydrogen,  with  the  practicid  adyantage  of  fiiciGtating  lite  current  of 
onr  reasoning.  The  terms  anion  and  cathion,  as  I  have  before  remarked  (page  363), 
inrolre  no  hypothesis,  and  are,  therefore,  preferable  to  the  terms  electro-negatiTe  and 
electro-positive ;  they  are  scarcely  so  expressive,  however,  and  hare  not  disphced 
the  terms  electro-positive  and  electro-negative  in  practice. 

But  the  duality  of  power  which  determines  chemical  combination  assumes  its  most 
prominent  forxh,  and  manifests  its  strongest  energy,  when  compounds  are  ooncemed ; 
hence,  at  a  very  early  period  of  chemical  investigation,  arose  the  two  expressions  '*  waST 
and  **  base,"  as  indicative  of  these  dualities.  Of  acid  bodies  we  have  already  met  with 
several  examples  during  our  consideration  of  the  non-metallic  elements ;  of  bases, 
however,  we  have  met  with  only  one-^ ammonia.  The  metals  will  furnish  a  large 
accession  to  this  class  of  bodies ;  in  point  of  fact,  the  basic  quality  predominates 
throughout  the  whole  metallic  series. 

If,  instead  of  water,  an  aqueous  solution,  containing  the  elements  represented  in  the 
subjoined  table,  be  exposed  to  voltaic  agency,  decomposition  again  ensues,  and  the 
various  elements  resolve  themselves  into  two  groups,  as  represented  by  the  bracketB. 
From  a  casual  examination  of  these  groups,  it  will  be  seen  that  the  first  corresponds 
with  sulphuric  acid,  the  second  with  ammonia. 


1  Oxygen  J 


1  Hydrogen  ^ 

I  Hydrogen  I  Gro  to  ncgatiTe 

1  Hydrogen :  terminal,  or  cathode. 

1  Nitrogen  J 


Accepting  the  evidence  of  this  decomj)osition,  wo  are  driven  to  the  necessity  d 
concluding  that  the  single  elements  entering  into  sulphate  of  ammonia  do  not  mute 
into  one  mass,  if  the  expression  bo  permissible ;  but  that  they  begin  by  aasodatiog 
themselves  with  other  elements  impressed  with  similar  energy,  and  end  by  fonniDg 
the  compound  dual  arrangement — stilphaU  of  ammonia. 

By  far  the  largest  portion  of  bodies  into  which  various  elements  enter,  may  be 
resolved,  into  these  compound  dual  groux>s  by  voltaic  energy ;  and  further  examinatioa 
will  demonstrate  these  groups  to  possess  many  properties  in  common.  For  example, 
nearly  all  the  groups  which  go  to  the  positive  pole  or  terminal  (anode)  of  the  voltaie 
arrangement  are  sour  to  the  taste,  and  redden  blue  litmus  paper ;  whilst  all  the  gnraps 
which  go  to  the  negative  pole,  or  terminal  (cathode)  of  the  arrangement,  are  totally 
devoid  of  sourness  :  on  the  contrary,  many  of  them  have  a  distinctive  taste  of  their 
own,  and  which  assumes  its  highest  characteristic  nature  in  the  alkalies,  potash  and 
soda.  None  of  them  redden  litmus-paper ;  but,  on  the  contrary,  change  paper  idaA 
has  been  thus  reddened,  back  to  its  original  blue  colour ;  and,  finally,  they  all  poflseai 
a  remarkable  tendency  to  unite  with  bodies  of  the  former  dual  group,  generstisg 
resulting  bodies  to  which  the  generic  name  salt  is  applied.  It  will  be  readily  seen, 
therefore,  that  the  general  term  acidf  may  be  applied  with  great  propriety  to  that  class 
of  compound  bodies  called— in  respect  of  its  voltaic  relations — electro-negative,  or 
anions,  and  base  to  electro-positives  or  cathions.  Although,  therefore,  all  salts  are  not 
necessarily  compounds  of  an  acid  with  a  base,  nevertheless  every  compound  of  an 
acid  with  a  base  is  a  salt  (page  3o2). 

I  have  already  explained  (page  352),  that  the  first  or  original  type  of  saline  bodies 
was  common  salt,  a  body  which  was  supposed  to  contain  an  oxygen  acid  and  a  base; 
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bat  whicli  is  now  demonstrated  to  contain  dilorine  and  sodium  merely.  It  has  been  also 
remazked  that  the  constitution  of  sespsalt,  and  other  bodies  of  the  so-called  hydraoid  or 
haloid  (page  352)  group,  is  irreconcilable  with  the  theory  of  oxygen  acid  salti,  and  that 
the  tendency  of  modem  chemistry  is  to  elevate  the  Sormerly  exceptional  haloid  constitu- 
tion into  the  type,  and  refer  all  salts  to  that  standard.  But  the  reader  of  the  preceding 
few  pages  may  ask  how  are  chemists  to  make  this  theory  accommodate  itself  to  facts  as 
they  are  ?  What  is  the  evidence  to  warrant  our  arriving  at  the  startling  conolusion 
that  the  compound  termed  sulphate  of  ammonia  is  not  a  oompound  of  sulphuric  acid 
and  ammonia  ?  If  we  add  sulphuric  acid  to  a  solution  of  ammonia,  do  not  the  two 
combine,  and  do  we  not  get  sulphate  of  ammonia  on  evap(»ation  ?  Furthermore,  have 
we  not  seen  that  on  decomposing  sulphate  of  ammonia  by  voltaic  electricity,  we 
actually  separate  the  sulphata  of  ammonia  into  its  two  constituents— sulphuric  acid 
and  anmoaia  ?  Specious  though  this  reasoning  may  appear,  it  testifies  nothing  in 
&Toiir  of  the  existence  of  the  so-ealled  compound  of  sulphuric  acid  with  ammonia. 

Glancing  at  the  composition  of  this  salt,  the  first  point  that  strikes  us  is  the 
existence  of  one  atom  of  water.    Without  water,  sulphate  ci  ammonia  cannot  exist. 
So  much,  then,  as  regards  the  synthetie  formation  of  the  salt :  now  a  few  words 
ooneeming  the  phenomena  of  its  voltaic  decomposition.    Although  the  results  of  this 
deoomposition  are  sulphuric  acid  on  one  side,  and  ammonia  on  the  other,  yet  one  fact 
has  been  overlooked.    Simultaneously  wUh  the  decomposition  of  sulphate  of  anunonia 
thsare  is  deoompositioa  of  wata*,  hydrogen  being  evolved  at  the  cathode  or  negative 
pole,  and  oxygen  at  the  anode  or  positive.    Having  thus  investigated  the  supposed 
evidence  in  favour  of  the  existenoe  of  sulphate  of  ammonia  as  an  actual  compound  of 
sulphuric  acid  and  ammonia,  we  find  the  tendency  of  this  evidence  to  be  in  the  opposite 
direction.     We  are  almost  constrained,  therefore,  to  believe  in  the  existence   of 
tin«nftTiw«i  HN4,  and  a  combining  group  of  SO4 ;  and  this  admitted,  wo  establish  a 
paraMftlism  between  oxyacid  and  haloid  salts';  or  rather  we  abolish  the  speciality  of  the 
&rmer.   This  is  called  the  binary  or  the  hydrogen  theory  of  salts.  The  predominant  idea 
on  which  it  is  based  is  the  recognition  of  the  quasi-metallic  property  of  hydrogen,  a 
property  in  virtue  of  which  it  can  replace  a  metal  in  combination.    According  to  this 
view,  hydrated  sulphuric  acid  will  be  composed  of  hydrogen  plus  the  radical  SO4,  and 
for  which  the  names  tulphaio^^gen  and  atdphoximi  have  been  proposed ;  thus,  mono- 
hydrate  of  sulphuric  acid,  according  to  this  view,  is  sulphatoxide  of  hydrogen,  and 
solphate  oi  ammonia,  with  one  atom  of  water,  sulphatoxide  of  ammonium.    In  like 
manner,  we  should  have  sulphatoxide  of  barium  instead  of  sulphate  of  baryta,  and  so 
on  for  other  bases. 

Objections  to  the  Blnazy  Theoxj. — ^Various  objections  have  been  adduced  to 
the  theory  in  question.  The  principal  is  the  necessity  which  would  arise  for  assuming 
the  existence  of  numerous  compound  radicals  which  had  never  been  obtained.  But 
this  objection  applies  to  many  substances  recognised  by  our  present  nomenclature. 
Neither  oxalic  acid  nor  acetic  acid  has  been  obtained  deprived  of  water,  or  at  least  the 
elements  of  water ;  aud,  a  few  years  since,  nitric  acid  belonged  to  the  same  category. 
The  real  objection  to  the  binary  or  hydrogen  theory  is  practical,  not  theoretical.  So 
firmly  has  the  nomenclature  of  Lavoisier  established  itself,  and  so  accordant  is  it  with  our 
ordinary  appreciations,  that  the  abolition  of  this  nomenclature  in  favour  of  any  other, 
however  philosophically  appropriate,  would  be  attended  with  enormous  difficulties. 

Advantages  of  the  HydrogtK  or  Binary  Theory  of  Salts.— {I),  It  reduces  all  saline 
bodies  to  one  category,  whereas  the  old  theory  necessitates  several. 


400  THE0HIE8  OF  SALTS. 


(2).  It  famishes  an  intelligible  reason  for  the  remarkable  law  in  the  oonstitution 
of  neutral  or  perfect  salts,  that  whateyer  number  of  atoms  of  oxygen  a  base  eontains,  a 
salt  of  that  base  must  haye  an  equal  number  of  atoms  of  acid.  This  lav  is  illustrated 
by  the  appended  general  formula  of  neutral  sulphates. 

As  consisting  of  oxide     As  consisting  of  metal 
and  acid.  and  salt  radical. 

MO  +    80,  .  .  M  +    SO4  Example:  Sulphate  of  soda. 

MoO  +    SO3  .  .  M  4-    SO4            „  Sulphate  of  suboxide  of  mercury. 

M  02  +  2803  .  .  M  -f  28O4             „  Suphate  of  peroxide  of  mercury. 

H3O3  +  3SO3  .  .  M0  +  38O4             y,  Sulphate  of  peroxide  of  iron. 

(3).  It  accords  better  than  the  old  theory  with  the  results  of  yoltaic  decompositioiL 
Neuirali  Super,  and  Sub  Salts, — The  term  neutral  sail  employed  aboye  renders  an 
explanation  of  that  term  necessary,  also  the  expressions  super  and  sub  salt  necesssrj. 
Blue  litmus-paper,  or  tincture  of  litmus,  is,  as  we  haye  seen,  a  test  of  acidity,  nearly 
all  soluble  acids  changing  the  blue  to  red.  If^  then,  on  testing  the  solution  of  a  salt, 
it  is  found  to  turn  blue  litmus-paper  red,  the  inference  wiU  be,  according  to  the  eyidence 
of  the  test  before  us,  that  the  salt  in  question  contains  an  excess  of  acid ;  according, 
therefore,  to  the  eyidence  before  us,  it  may  be  said  to  be  a  stqter  tall.  In  like  manner, 
if  a  salt  possesses  the  opposite  reaction,  changing  reddened  litmus-paper  to  its  original 
blue  condition,  and  affecting  turmeric  paper  brown,  then,  according  to  the  eyidenee 
before  us,  the  base  may  be  said  to  predominate ;  and,  finally,  if  a  salt  neither  affect 
litmus  nor  turmeric  paper,  it  may  be  said,  according  to  the  eyidence  thus  deduced,  fo 
be  neutraL 

The  two  expressions,  super  and  sui,  are  now  seldom  used,  except  when  the  atomie 
composition  of  a  salt  is  unknown,  though  the  excess  of  base  or  of  acid,  as  the  ease 
may  be,  has  been  clearly  made  out  Litmus  and  turmeric  papers  are  found  to  be 
fi^lacious  as  indicatiye  of  excess  of  base  and  acid  in  saline  bodies.  A  neutral  salt  is 
now  considered  to  be  a  compound  made  up  of  a  single  atom  of  acid,  combined  with  a 
single  atom  of  base.  The  class  of  subsalts  is  now  generally  termed  basic  salts,  because 
the  base  predominates ;  and  if  the  number  of  atoms  of  a  base  entering  into  the  consti- 
tution of  a  basic  salt  haye  to  be  indicated,  this  is  effected  by  employment  of  the 
Greek  numerals  dis,  tris,  teirakis,  pente,  &c. ;  conyersely,  the  number  of  atoms  of  acid 
entering  into  the  composition  of  an  acid  salt  is  now  expressed  by  the  Latin  numerals 
biy  tri,  &c. 

KALEOENOUS  ICETALS POTASSnTM. 

Equiyalent  or  atomic  weight    .        .  39*2. 

Oenezal  Renuurks. — Potassium  was  discoyered  by  Sir  H.  Dayy.  It  neyer  occms 
natiye  or  pure,  on  account  of  its  great  tendency  to  unite  with  other  bodies,  espedaUj 
oxygen.  Its  compounds  are  yery  extensiydy  diffused,  both  in  the  inorganic  and 
the  organic  kingdoms.  Many  crystallized  rodcs  contain  potash  (oxide  of  potassium) 
united  with  silicic  acid ;  potash  also  enters  into  the  composition  of  soils ;  but  it  is  in 
the  constituents  of  animal  and  yegetable  beings  that  the  most  extensiye  diffusion  of 
potassium  compounds  is  recognised.  All  the  potash  which  under  yarious  guises  finds 
its  way  into  commerce  is,  in  point  of  fact,  deriyed  finom  the  ashes  of  land  yegetables. 

Preparation. — (1.)  Potassium  was  originally  deyeloped  by  transmitting  a  cmrrent  of 
yoltaic  electricity  through  hydrate  of  potash  (fused  potash),  slightly  moistened,  in 
order  to  increase  its  conducting  power.    Under  these  circumstances,  water  and  potash 
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(oxide  of  potassium)  were  simultaneously  decomposed,  hydrogen  and  potassium  being 
liberated  at  the  negatiye  pole  or  extremity  {cathode)  of  the  battery,  and  oxygen  at  the 
positive  (anode). 

(2.)  The  preceding  operation  yields  potassium  in  small  quantities  only ;  to  prociire 
it  in  bulk  the  following  process  was  next  devised : — 

An  iron  tube  (gun-barrel  or  piece  of  gas-pipe),  AB,  having  been  bent  as  represented 
in  the  appended  sketch,  is  charged  with  iron  turnings  from  A  to  a,  and  with  fused 
.  potash  from  a  to  B ;  afterwards,  the  portion  of  the  tube  from  A  to  a  is  covered  with  a 
lute  of  refractory 
clay,  that  it  may  b 

withstand  the 
high  furnace-heat 
to  which  it  will 
be  next  exposed. 
The  parts  1  2, 
disjoined  from  the 
main  tube  in  the 

sketch,  are  for  the  purpose  of  enabling  the  tubular  channel  to  be  deared,  when  neces- 
sary, from  impediments. 

The  tube  having  been  charged  and  prepared  as  described,  is  next  passed  through  a 
foinace  from  A  to  a,  the  remaining  portion,  from  a  to  B,  being  exposed.    When  the 
furnace  heat  has  been  well  raised,  and  the  luted  portion  of  the  tube  has  been  brought 
I  to  a  white  heat,  a  wire  basket,  containing  ignited  charcoal,  is  hung  underneath  the 
'{  tube  from  a  to  B,  in  order  that  the  hydrate  of  potash  (potassa  fnsa)  may  be  liquefied. 
\  No  sooner  is  this  accomplished,  that  the  fused  material,  percolating  through  the  iron 
I  fragments  extending  from  a  to  A,  is  decomposed — the  oxygen  of  tiie  fused  potash,  as 
also  the  oxygen  of  its  water  of  combination,  uniting  with  iron  to  form  iron  and  potas- 
^  ^  slum,    and    the 

^iS'^^t  hydrogen  escap- 

ing. The' latter 
passes  into  the 
air,  and  the  for- 
mer remains  in 
the  receiving  ves- 
sel, 0,  containing 
naphtha,  a  liquid 
which,  not  hav- 
ing any  oxygen 
in  its  composi- 
tion, is  unable  to 
convert  potas- 
sium into  potash. 
One  portion 
of  this  appara- 
tus yet  remains 
to  be  described ; 

it  is  the  tabular  appendix,  t,  which  dips  below  the  surfSeu^e  of  meroory  in  a  glass.  The 
function  of  this  appendage  is  as  follows  : — Occasionally  the  ignition-tube,  notwithstand- 
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ing  all  the  operator*!  care,  becomes  clogged,  of  which  it  is  desirable  that  someindieation 
should  be  recognizable,  otherwise  the  tube  might  burst,  and  a  seyere  accident  be  the  con- 
sequence. The  appendage  t,  with  its  associated  mercury,  at  once  supplies  the  indieation 
of  stoppage,  and  obviates  danger,  allowing  any  vaporous  matter  to -escape,  but  pre- 
venting the  access  of  atmospheric  air. 

(3.)  By  far  the  most  eligible  process  for  obtaining  potassinm  in  large  quantities  is 
by  distilling  a  mixture  of  carbonate  of  potash  and  charcoal  (carbon).  The  operation  is 
usually  conducted  by  means  of  a  wrought-iron  bottle  coated  with  lutings  a  quicksilfer 
bottle,  such  as  was  directed  to  be  employed  in  the  manufacture  of  oxygen  gas,  answen 
the  purpose  well.  It  is  arranged  horizontally  in  a  furnace,  as  represented  below. 
During  the  process  of  potassium  manufacture  by  distilling  a  mixture  of  carbonate 

of  potash  and  charcoal,  two  peea- 
liar  salts  of  potash  are  formed, 
namely,  the  croconate,  and  rbo- 
dizonate  of  potash.  Potassinm, 
if  required  in  a  state  of  absolate 
purity,  must  be  le-distilled  in  an 
iron  retort  containing  naphtha. 

Properties.  —  A  white  metal, 
having  a  yellowish  tint,  some- 
thing like  tiiat  of  silver.  At  ordi- 
nary atmospheric  temperatures  it 
is  soft,  and  two  pieces  may  te 
readily  pressed  (welded)  into  out 
(page  396).  When  coded  down 
to  32"*  Fah.,  it  is  crystalline,  sad 
brittle.  Its  fusing  point  is  15(f, 
and  at  ISC  it  passes  into  vapour, 
and  may  be  distilled.  In  an  atmo- 
sphere of  hydrogen  or  nitrogen 
gas,  potassium  retains  its  metallic 
lustre,  but  it  cannot  long  be  exposed  to  the  air  without  becoming  incrusted  with  a 
pulvorulcnt  layer  of  oxide  (potash).  The  tendency  of  potassium  to  unite  with  oxygen 
is  very  strong ;  it  must,  therefore,  be  preserved  in  naphtha,  a  fluid  which  contains  no 
oxygen,  w  else  in  an  atinosphore  of  non-oxygenous  gas,  raoh  as  nitrogen  or  hydrogen. 
When  ilirown  upon  the  surface  of  water,  on  which  it  floati,  cr  ice,  it  presents  the  phe- 
nomonon,  extrav.vrdinarY  under  the  cireumstances,  of  combustion ;  potash  being  formed 
and  retained  in  ai^lution  by  the  water,  and  hydrogen  erolved.  The  apeeific  gravi^  of 
potassium  is  only  *$(>5. 

Compounds  of  Potassivas  with  Ox^fcon.— Tlim  ire  two  compounds  of 
p^nassium  with  oxygen :  the  pi\)tcxidc  (potash,  aometimeB  oaUed  potass  or  potaami)) 
and  the  peroxide. 

Pfx^iwidt  {fXfUsk)  Ea 

i\Y/srm6()ii. — Absolutslf  part  protaaMa  of  potaasinn,  or  pdlMi,  is  obtained  with 
difBculty,  though  its  monohydrate,  fbsed  potash,  can  be  prepared  with  ease.  When 
l^uassiuiu  i»  burutHi  in  a  current  of  perfectly  dry  oxygen  gas,  it  is  not  the  protoxide 
()v>ta:»U)  vMT  KO  which  x\>sulbs  but  the  peroxide  or  KO,.  If,  however,  twiee  the  weigfal 
of  pi>tac»ium  already  held  by  thi$  compound  be  mixed  with  it,  and  the  whole  heatsd  ia 
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a'current  of  nitrogen  gas,  a  compound  made  up  of  equal  equivalents  of  oxygen  and 
potassiuln  remits.  Tliis  is  the  protoxide  of  potasaium,  or  potash.  When  this  oxide  is 
dissolved  in  water,  an  ordinary  aqueous  solution  of  potash  is  obtained ;  but  no  known 
amount  of  heat  can  drive  off  the  whole  of  the  water,  one  atom  for  each  atom  of  potash 
obstinately  remaining,  and  constituting  the  monohydrate  of  potash,  or  ordinary  potassa 
fusa.  The  two  oxides  of  potassium  differ  widely  as  to  their  importance :  one,  the 
peroxide,  it  a  mere  chemical  curiosity,  applied  to  no  useful  purpose  whatever ;  the 
other,  potad^  being  a  powerful  base,  and  entering  with  acids  into  innumerable  combi- 
nations. 

The  description  of  potassium  and  its  oxides  just  given  is  strictly  accordant  with  a 
synthetical  examination  of  these  bodies ;  but,  practically,  the  order  of  producing  them 
mnst  necessarily  be  reversed,  inasmuch  as  potassium  does  not  naturally  occur.  The 
practical  order  of  production  is  as  follows : — In  the  first  place,  land  plants— the 
aofxrce  of  potash — contain  that  alkali  in  combination  with  numerous  vegetable  acids. 
When  these  land  plants  arc  burned,  the  vegetable  salts  of  potash  are  decomposed,  being 
changed  into  carbonates.  These  carbonates  are  obtained  by  lixiviation  of  the  vegetable 
ashes,  filtration  of  the  lixiviated  matter,  and  evaporation.  The  result  is  carbonate  of 
potash,  contaminated  with  various  impurities,  most  of  which  can  be  removed  by 
re-solution,  filtration,  and  evaporation. 

Pure  carbonate  of  potash  being  thus  obtained,  it  is  dissolved  in  water,  mixed  with 
quicklime,  boiled,  and  filtered.  The  result  is  a  solution  of  potash,  or  rather  hydrate 
of  potash  in  water.  The  decomposing  agency  of  lime  is  simply  to  this  effect : — It 
combines  with  carbonic  acid,  and  forms  carbonate  of  lime,  which  precipitates,  leaving 
the  solution  of  hydrate  of  potash  alone.  This  solution  may  be  freed  from  the  carbonate 
of  lime  either  by  deposition  or  by  filtration ;  if  the  whole  of  the  carbonic  acid  has 
been  removed,  the  solution  will  not  effervesce  on  the  addition  of  hydrochloric  acid. 
The  next  operation  consists  in  driving  off  as  much  of  the  water  as  possible ;  and  this 
is  efifected  by  evaporation  in  a  vessel  of  clean  iron,  or,  still  better,  of  silver.  Proceed- 
ing thus  with  the  evaporative  process  until  its  furthest  limits  are  reached,  a  solid 
matter  is  obtained,  which  no  further  degree  of  heat  can  deprive  of  water,  but  which 
fuses,  and  may  be  cast  into  moulds.  This  material  is  the  monohydrate  of  potash,  and 
it  is  from  this  that  potassium  was  originally  prepared  by  voltaic  agency.  The  second 
Hydrate  of  potash  is  a  crystalline  compound,  which  forms,  under  some  circumstances, 
in  aqueous  solutions  of  the  monohydrate  of  potash,  but  which  is  applied  to  no  useful 
purpose. 

Monohydrate  of  potash  has  an  extreme  tendency  to  unite  with  water ;  a  portion  of 
it  if  exposed  to  the  atmospere,  even  in  the  hottest  weather,  absorbs  aqueous  vapour, 
md  changes  to  a  syrupy  liquid.  It  also  absorbs  carbonic  acid,  and  is  frequently 
employed  for  this  purpose  in  many  chemical  operations.  Hydrate  of  potash,  whom 
cast  into  the  form  of  sticks,  is  employed  by  surgeons  as  a  powerful  caustic. 

Few  potash  combinations  are  soluble  in  alcohol,  but  monohydrate  of  potash 
is  an  exception  to  the  rule ;  it  dissolves  in  alcohol  readily,  and  by  taking  advan- 
tage of  this  property,  it  may  be  separated  from  carbonate  of  potash  and  many  othor 
imparities. 

Inasmuch  as  the  specific  gravity  of  a  solution  of  hydrate  of  potash  increases  with 
flie  amount  of  hydrate  present,  the  strength  of  a  solution  of  this  kind  will  be  propor- 
tionate with  the  quantity  of  hydrate  present.  The  appended  table  indicates  the 
relation  between  the  two. 
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BALTS. 

Density. 

Per  eentage  of 
real  Alkali. 

Density. 

Per  eentage  of  * 
real  AlkaU. 

1-68 

51-2 

1-33 

26-3 

1-60 

46-7 

1-28 

23-4 

1-52 

42-9 

1-23 

19-6 

1-47 

39-6 

119 

16-2 

1-44 

36-8 

116 

130 

1-42 

34-4 

111 

9-5 

1-39 

32-4 

106 

4-7 

1-36 

29-4 

CABB0NATE8. 

Salts  of  Potash. — ^There  are,  at  least,  three  carbonates  of  potash,  probably  more. 
They  are  the  mono-carbonate,  the  bi-carbonate,  and  the  sesqui-carbonate.  The  names 
indicatlye  of  the  two  former  require  no  explanatory  comment ;  the  latter  is  so  called 
from  the  Latin  expression  sesqui,  one  and  a-half,  because  its  composition  accords  with 
the  symbol  KO  1  JCOg,  or,  what  amounts  to  the  same,  2K0  3CO2. 

Neutraly  or  Monoearbonaie  of  Potashf  KO,  CO.^  2H0.— This  salt  is  prepared  in 
large  quantities  by  lixiyiating  the  ashes  of  land  plants,  as  already  described.  In  its 
impure  condition  it  is  termed  crude  potash ;  but  when  a  little  further  purified  the 
^me  pearlash  is  given  to  it.  Absolutely  pure  carbonate  of  potash,  howeyer,  is  best 
prepared  by  igniting  in  a  platinum  or  silver  crucible  pure  bitartrate,  or  binoxalate  of 
potash. 

Bicarbonate  and  Sesquicarbonate  of  Potashy  KO,  COj  +  HO,  00^,  are  both  pre- 
pared by  transmitting  a  stream  of  carbonic  acid  through  a  solution  of  monocarbonate 
of  potash. 

Nitrate  of  Potash  (Nitre  or  Saltpetre),  KO,  NO^j. — Next  to  the  carbonates,  this  is, 
perhaps,  the  most  important  of  all  potash  salts.  It  is  used  in  the  manufacture  of  nitric 
acid,  and  of  gunpowder ;  it  also  is  employed  in  numerous  operations  of  chemistry, 
metallurgy,  and  the  manufacturing  arts. 

Nitre  occurs  as  a  natural  product  in  many  parts  of  the  world ;  it  may  be  also 
generated  artificially.  We  obtain  all  our  nitre  from  India,  where  it  occurs  as  a  natural 
efflorescence  on  the  ground  in  certain  localities.  Other  nations,  less  favoured  than 
ourselves  in  this  respect,  produce  their  nitre  by  an  operation  which  will  presently  be 
described.  Nitre,  as  it  is  imported  from  India,  contains  many  impurities,  from  which 
it  has  to  be  separated  before  employment  in  the  gunpowder  manufacture,  the  manu- 
facture of  nitric  acid,  and  most  other  purposes.  Mechanical  impurities  may  be 
obviously  separated  by  solution  and  filtration.  Lime  is  separated  by  the  addition  of 
carbonate  of  potash,  which  throws  down  carbonate  of  lime,  and  common  salt  is 
separated  by  frequent  re-crystallizations.  Crystals  of  nitrate  of  potash  are  anhydrous ; 
their  form  is  that  of  six-sided  prisms,  with  dihedral  summits. 

An  aqueous  solution  of  nitre  neither  acts  on  litmus  nor  turmeric  paper.  It  is 
soluble  in  seven  times  its  own  weight  of  water  at  60°  Fah.,  and  in  its  own  weight  of 
boiling  water.  At  a  heat  somewhat  below  redness  it  melts,  and  if  the  heat  be  pusbfid 
farther  it  is  decomposed,  yielding  oxygen,  binoitide  of  nitrogen,  and  many  complex 
products. 

The  chemical  agency  of  nitrate  of  potash  has  reference  to  the  large  amount  of 
oxygen  which  it  contains  (six  atoms),  and  the  facility  with  which  the  latter  is  yielded 
up  to  deoxidising  bodies.     In  many  cases  the  act  of  imparting  oxygen  is  attended  with 
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combustion,  as;  for  instance,  when  nitre  is  projected  on  red-hot  coals.  The  phenomenon 
in  qnestion  is  termed  deflagration.  The  theory  of  gunpowder  as  an  explosive  agent  is 
explicable  by  a  consideration  of  these  facts :  gunpowder  is  a  mechanical  mixture  of 
nitre  with  sulphur  and  charcoal  in  different  proportions,  according  as  the  result  may 
be  desired  more  or  less  strong  for  its  various  purposes.  The  results  of  the  combustion 
of  gunpowder  vary  for  different  specimens.  In  general  terms,  they  may  be  said  to 
consist  of  sulphuret  of  potassium,  solid,  and  carbonic  oxide,  carbonic  acid,  nitrogen,  and 
binoxide  of  nitrogen,  gaseous.  Great  pain  is  taken  to  obtain  nitre  in  the  state  of 
absolute  purity  before  employing  it  as  an  ingredient  of  gimpowder.  The  most 
injurious  contamination  that  it  can  contain  is  common  salt,  a  body  which  not  only 
absorbs  hygrometric  moisture,  and  thus  tends  to  wet  the  gunpowder,  but  which,  by 
taking  no  part  in  combustion,  weakens  the  explosive  violence.  If  the  filtrate  or 
filtered  liquor  from  gunpowder,  which  has  been  rubbed  up  with  water,  yield  with 
nitrate  of  silver  solution  a  white  precipitate  soluble  in  ammonia,  but  insoluble  in 
nitric  acid,  the  presence  of  chlorine  is  demonstrated,  and  the  existence  in  it  of  common 
salt  may  be  inferred. 

Artijieial  Production  of  Nitre. — If  the  floor  of  stables,  the  droppings  of  dove-cots, 
or  /limilar  materials  rich  in  animal  matters,  be  exposed  to  the  air,  the  nitrogenous 
matters  which  they  contain  in  the  form  of  ammoniacal  salts  absorb  oxygen  in  the 
requisite  proportions  to  form  nitrate  of  ammonia,  which,  by  the  addition  of  carbonate 
of  potash,  becomes  changed  into  nitrate  of  potash.  If  carbonate  of  lime  be  present  in 
the  animal  refuse,  nitrate  of  lime  is  formed  simultaneously  with  nitrate  of  ammonia, 
and  is  in  like  manner  decomposed  by  the  addition  of  carbonate  of  potash.  The  method 
of  generating  nitre  artificially  was  discovered  in  France ;  the  process  is  still  carried 
on  there,  as  well  as  in  many  other  continental  nations.  In  Sweden,  each  farmer  pays 
a  nitre  tax  in  kind,  not  being  allowed  by  his  laws  to  compound  for  it  by  money. 

Sulphate  of  Potash,  KO,  SOg.^ — ^This  salt  may  be  made  directly  by  the  addition  of 
sulphuric  acid  to  hydrate  of  potash  or  carbonate  of  potash  in  single  atomic  proportions, 
subsequently  evaporating  the  residue  until  crystals  form ;  but  it  occurs  collaterally  in 
several  chemical  operations.  Thus,  for  instance,  when  nitric  acid  is  prepared  by 
distilling  nitre  with  oil  of  vitriol,  decomposition  ensues,  nitric  acid  being  evolved,  and 
sulphuric  acid  formed.  Sulphate  of  potash  is  soluble  in  ten  parts  of  cold  water; 
boiling  water,  however,  absorbs  a  much  larger  quantity.  Its  solution  does  not  affect 
test  paper.     Sulphate  of  potash  is  anhydrous,  and  quite  insoluble  in  alcohol. 

Bindphate  of  Potash,  KO,  SO3  +  HOSO,.— When  the  preceding  salt  is  mixed  with 
a  sufficient  amount  of  oil  of  vitriol  to  furnish  a  second  equivalent  of  sulphuric  acid, 
the  result  evaporated  to  dryness,  fused  in  a  platinum  vessel,  and  finally  re-evaporated, 
crystals  of  bisulphate  of  potash  are  formed.  They  are  flattened  rhombic  prisms,  much 
more  soluble  in  water  than  the  preceding  salt.  There  is  also  an  anhydrous  modifica- 
tion of  sulphate  of  potash  formed  by  dissolving  equal  weights  of  the  mono,  or  neutral 
sulphate,  and  oil  of  vitriol  in  a  little  warm  water,  and  retaining  the  mixture  cool  until 
crystals  form.  If  the  crystals  of  this  salt  be  allowed  to  remain  for  some  days  in  the 
original  solution,  or  if  a  larger  quantity  of  water  be  added,  they  disappear,  and  the 
ordinary  hydrated  bisulphate  results.  A  sesquisulphate  of  potash,  2KO,S03  •\-  HO,  SO3, 
has  also  been  described  by  Mr.  Phillips.  He  obtained  it  from  the  nitric  acid  residues ; 
but  M.  Jacquelin  has  been  unable  to  generate  it. 

Chlorate  of  Potash. — ^The  general  characteristics  of  this  salt  have  already  been  des- 
cribed (page  362).  It  is  made  as  follows  : — ^A  saturated  warm  solution  of  carbonate  of 
^ — . —— 
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fotuh  in  water  being  prepared,  chlorine  gas  ia  paaaed  into  it  until  bo  nMie  is  43i 
The  solution  is  next  evaporated  until  a  film  appears,  and  set  aside  to  ovy 
Chlorate  of  potash,  slightly  contaminated  with  chloride  of  potassium,  depositi. 
the  latter  it  may  be  separated  by  two  or  three  solutions  and  re-crystallisatii 
tike  mother-liquor  from  which  this  crop  of  chlorate  of  potash  has  depoaiteA  be 
sated  still  more,  a  further  crop  of  chlorate  of  potash,  still  more  impure  thaft  1 
may  be  obtained.  Finally,  still  further  evaporation  determines  the  fiwini 
crystals  of  chloride  of  potassium  almost  pure.  Chlorate  of  potash  erystalliso 
anhydrous,  tubular  forms  ;  they  are  soluble  in  about  twenty  parts  of  cold,  an 
two  of  boiling  water.  The  general  analogy  between  chlorate,  nitrate,  ioda 
bromate  of  potash,  has  been  indicated  at  page  317.  Several  attempts  were  mai 
fbrmer  period,  to  substitute  chlorate  of  potash  for  nitre  in  the  manufacture  < 
powder ;  the  resulting  compound,  however,  is  far  too  dangerous  for  practiee — it 
OKplodes  on  pereusaion,  whilst  gunpowder  does  not  usually  explode,  except 
sntually  applied. 

Perehlorafe  of  Potash,  KO,  CIO.— Under  the  head  of  perchloric  adtL,  at  page  3 
proosss  fiir  manufacturing  this  salt  has  already  been  described.  It  is  characten 
a  degree  of  insolubility  fur  a  potash  salt,  each  part  requiiing  no  less  than  fii 
parts  of  cold  water  for  solution ;  boiling  water,  however,  takes  it  up  more  r 
By  tbe  application  of  sufficient  heat,  perchlorate  of  potash  is  decomposed  into  < 
and  ehloride  of  potassium  :  the  results  of  decomposition,  therefore,  are  precisely  i 
in  kind  to  those  of  chlorate  of  potash,  and  only  differ  in  the  relative  amo 
materials  yielded  from  a  given  weight  of  original  salt. 

Bulphmr^tB  or  Sulpkuht  of  PotMmtm. — When  sulphur  is  fiiaed  with  either  hjd 
oarbonato  of  potash,  decomposition  ensues,  and  a  mixture  of  several  compounc 
merly  believed  to  be  combinations  of  sulphur  with  potash,  results.  Hiese  bod 
not  compounds  of  sulphur  with  potash,  but  of  sulphur  with  potassium ;  henee  th 
sulphuret,  or  sulphide  of   potassium,  correctly  expresses  their  state  of  aht 
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Pr€p9raHon,^(}).  By  fusing  together  single  atomic  propiMrtions  of  potassim 
aolphur. 

(2).    By  mixing  the  mono,  or  neutral,  sulphate  of  potash  with  charcoal  p( 

and  heating  the  mixture  to  redness  in  a  closed  vessel.     The  theory  of  this  dec 

sitioa  is  simple,  and,  at  the  samo  time,  very  interesting.     Formerly,  the  opinic 

entertained  that  when  sulphur  was  fu.*ed  with  hydrate  of  potash,  or  carbonate  o 

alkali,  a  direct  combination  oi  sulphur  with  potash  resulted.     But  the  process 

consideration  demonstrates  the  incoirectncss  of  this  opinion,  for  the  monosulphu 

least,  the  decomposition  being  of  the  following  kind  : — 

2  Carbon— 

1  Potash  \  ^  ^^y^"^^ \^  Carbonic  acid. 

1 1  Potassium.      x 


I  MoBOsulphate  of 

potash  „  g^ 

Sulphuric  acid]  ?  ?Yf  ^-  '"        x  ,  «  ,  a.      .    , 

1 1  Sulphur :^1  Sulphuret  of  potass 

(3).  By  dividing  a  solution  of  concentrated  hydrate  of  potash,  inta  two  poi 
saturating  one  with  hydrosulpburic  acid,  then  mixing  it  with  the  second  portiqa 
finally ,^  evaporating,  and  fusing,  the  whole. 
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iVvyMrttM.  -  A  red  cryitalline  mass,  toluhla  in  water  and  ateohat,  eanly  decompuaed 
"bf  aoidBy  hydroaulphurio  arid  being'  erolved.  In  the  same  sense  that  we  apply  the 
theory  of  oxygen  acids  and  bases,  and  say  that  ordinary  salts  are  composed  of  acid 
ozidca,  vmted  with  basic  ozidea,  so  may  we  extend  the  expression  to  include  acid 
sulphurets  with  basic  sulphurets.  Berzelius  devoted  much  attention  to  this  class  of 
bodies,  which  he  termed  sulphur  salts.  Adopting  this  Tiew,  monosulphuret  of 
potassium  must  be  designated  a  yery  powerful  base.  It  unites  with  Tarious  sulphurets, 
perfinming  the  function  of  acids,  and  generates  wcU-deftncd  crystalline  compounds. 
The  acid  sulphurets  particularly  conspicuous  in  this  respect  are  those  of  carbon, 
arsenic,  and  hydrogen  (hydrosulphuric  acid).  If  the  monosulphuret  of  potassium  be 
boated  with  a  further  quantity  of  sulphur,  one  or  both  of  the  higher  sulphureta  will 
sesult,  according  to  the  relative  amouDt  of  sulphur  and  monosulphuret  tiddng  part  in 
the  decomposition. 

Whatever  be  the  relative  amount  of  monosulphuret  and  sulphur,  a  portion  either 
of  hyposulphite  of  potash,  or  sulphate  of  that  base,  will  also  be  formed  simultane- 
ously with  the  higher  sulphurets. 

BODIUM. 

Equivalent  or  atomic  weight     ....    23. 

General  Msmarka.— 'Sodium  exists  in  the  mineral,  the  animal,,  and  the  vegetable 
kingdom  of  nature ;  but  never  uncombined.  The  plants  which  contain  this  metal  in 
any  considerable  abundance  are  either  seaweeds,  or  certain  vegetables  which  grow  in 
the  vicinity  of  the  sea ;  of  these,  the  barilla  plant  {saltola  toda)  is  the  chief.  Sodium, 
as  a  constituent  of  the  vegetable  kingdom  of  nature,  exists  in  the  form  of  various  salts 
of  soda,  having  an  organic  acid ;  hence,  when  these  salts  are  incinerated  by  burning 
the  plants  containing  them,  the  soda  is  finally  obtained  in  the  state  of  carbonates.  A 
fuller  deeeripdon  of  the  carbonates  of  this  alkali  will  be  given  hereafter. 

As  a  Gunatitnent  of  the  mineral  kingdom,  sodium  is  found  in  combination  with 
silicic  acid,  constituting  silicate  of  soda,  a  material  which  enters  into  the  composition 
of  various  rocks.  These  mineral  formations  are  very  widely  disseminated ;  but  the 
iodium  which  they  contain  is  nowhere  found  sufficiently  localised  to  furnish  a  profit- 
able source  of  sodium  in  any  form  of  combination.  Far  otherwise  is  it  with  sodium 
in  union  with  chlorine  (chloiide  of  sodium),  or  common  salt.  Not  only  does  this 
compound  exist  to  an  enormous  extent  in  the  ocean,  but  in  many  parts  of  the  world  it 
fortiis  subterraneous  masses  of  rock-salt,  obtainable,  like  other  minerals,  by  the 
operation  of  mining. 

Pr«/?arfl^o».— Exactly  like  that  of  potassium,  with  the  obvious  substitution  of 
earbonate  of  soda  for  carbonate  of  pritash. 

Pmperties. — In  all  its  physical  and  chemical  qualities,  sodium  bears  a  striking 
resemblance  to  potassium.  It  is  not  so  blue  as  the  latter,  however,  having  more  the 
e«>lour  of  silver.  It  does  not  usuully  bum  when  thrown  upon  the  surfiice  of  water , 
whei-eas,  under  this  treatment,  potassium  never  fails  to  bw-n.  Ita  speeiflc  gravity  is 
greater  than  that  of  potassium,  being  about  0  97,  and  it  is  volatilized  at  a  somewhat 
lower  temperature  than  that  metal.. 

Gompoitnds  of  Sodium  "with  Oxygen. — ^There  are  two  oxides  of  sodium, — 
the  protoxide  and  the  peroxide.  The  protoxide  of  soda  is  a  compound  of  great  prac- 
tical importance ;  the  other  is  a  mere  chemical  ciiri()>ity. 

Hydrates  of  Soda. — ^Probably,  there  are  sever:il  hydrates  of  soda,  but  the  oo\f  one 
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possessing  any  importance  is  the  solid  mass  resulting  from  the  evaporation,  and  subse- 
quent fusion,  of  caustic  liquor  of  soda.  The  process  of  making  this  caustic  liquor  is  so 
completely  analogous  with  that  already  detailed  for  making  caustic  liquor  of  potasb 
that  further  description  is  unnecessary.  The  fused  hydrate  of  soda  is  the  monohydrate, 
composed  of  one  equivalent  of  soda  and  one  of  water ;  symbolically,  therefore,  it  is 
represented  by  NaO,  HO. 

Sulphates  of  Soda. — There  are  several  sulphates  of  soda,  the  most  important  of 
them  being  the  neutral  sulphate,  containing  ten  atoms  of  water  of  crystallization 
(Glauber's  salt)  and  the  bisulphate.  Neutral  sulphate  of  soda  may  be  prepared  by 
dissolving  forty-five  parts  of  carbonate  of  soda  in  water,  adding  forty-nine  parts  of 
strong  oil  of  vitriol  (the  monohydrate  of  sulphuric  acid),  and  evaporating  at  a  tem- 
perature below  68^  Fah.  This  salt  is  much  employed  as  a  cattle  medicine,  and 
occasionally  in  the  human  materia  mcdica.  When  exposed  to  air,  its  crystals 
effloresce,  by  losing  their  water  of  crystallization.  On  applying  heat  to  the  crystal- 
lized sulphate  of  soda  with  ten  equivalents  of  water,  they  undergo  the  aqueous  fusion, 
evolve  water,  and  eventually  deposit  crystals  of  the  anhydrous  sulphate. 

The  act  of  dissolving  Glauber's  salt  in  water  reveals  Some  curious  phenomena. 
Water  at  32°  only  dissolves  about  five  parts ;  but  the  amount  capable  of  being  dissolved 
increases  rapidly  up  to  91*4,  at  which  the  maximum  is  attained.  Beyond  this  the 
solubility  again  diminishes  with  the  temperature.  In  addition  to  the  sulphates  of  soda 
already  detailed,  there  are  others,  but  we  need  not  occupy  ourselves  with  them  here. 
They  may  all  be  formed  indirectly  by  decomposing  chloride  of  sodium  (common  salt) 
with  sulphuric  acid,  an  operation  had  recourse  to,  as  the  student  will  remember,  in  the 
process  of  manufacturing  hydrochloric  acid.  Anhydrous  sulphate  of  soda  may  be  fused 
alone  without  change ;  but  if  it  be  intimately  muLcd  with  carbonaceous  matter  and 
carbonate  of  lime,  it  is  decomposed,  the  precise  nature  of  the  decomposition  varying 
with  the  relative  amount  of  materials  employed.  When  the  proportions  consist  of 
two  equivalents  of  sulphate  of  soda,  three  of  carbonate  of  lime,  and  nine  of  carbon,  the 
final  solid  result  is  a  mixture  of  insoluble  oxysulphide  of  lime  and  carbonate  of 
soda  :  of  these  the  former  is  insoluble  (the  latter  soluble)  in  water,  and  may  be  there- 
fore washed  out  and  crystallized.  This  is  the  theory  of  the  celebrated  process  of 
Leblanc  for  preparing  carbonate  of  soda  from  sea-salt. 

The  decomposition  which  takes  place  is  represented  by  the  following  equation  :— 

2(NaO,S03)  +  3(CaO,C02)  -f-  9C  =  2(NaO,C02)  +  2(CaSCaO)  +  10  CO. 

Sulphites  of  Soda. — Two  compounds  of  sulphurous  acid  with  soda  are  known— the 
monosulphiie  and  the  bisulphite. 

Bisulphite  of  Soda. — Numerically  considered,  the  monosulphite  of  soda  should  come 
first  in  our  description,  but  certain  practical  reasons  suggest  a  departure  from  this 
scheme. 

Preparation. — ^When  a  current  of  sulphurous  acid  is  transmitted  through  a  mass  of 
crystals  of  ordinary  carbonate  of  soda,  the  following  changes  take  place : — Firstly,  a 
portion  of  sulphurous  acid  combines  with  a  sufficient  quantity  of  soda  to  form  mono- 
sulphite,  carbonic  acid  being  liberated.  The  carbonic  acid  does  not  escape,  however: 
it  is  immediately  laid  hold  of  by  a  portion  of  yet  undecomposed  carbonate,  and  bicar- 
bonate of  potash  is  the  result.  Still  proceeding  with  the  operation,  the  whole  of  the 
bicarbonate  of  soda  becomes,  in  its  turn,  decomposed,  and  the  monosulphite  is  graduaUy 
changed  into  the  bisulphite  of  soda,  which  precipitates  in  small  crystalline  granules, 
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the  deposition  of  which  may  be  facilitated  by  the  addition  of  alcohol  to  the  solution. 
When  bisulphite  of  soda  is  heated,  sulphurous  acid  and  sulphur  are  evolyed,  and 
sulphate  of  soda  remains,  a  decomposition  which  is  expressed  by  the  appended  scheme. 

/I  Sulphurous  acid  (escapes) 

I  CI  Sulphur  (escapes) 
2  equir.       1  Sulphurous  acid  <  1   Oxygen — s.,^ 

of  bisulphite^  (  1   Oxygen — v\v 

of  soda      1 1  Sulphurous  acid ■ ^^  1  Sulphuric  acid )  2  Sulphate 

II  Sulphurous  acid » -^1  Sulphuric  acid  >•         of 

\2  Soda )        soda 

Monoiulphite  of  Soda,  NaO,  SO.^  -f  7H0. 

Preparation. — ^When  an  aqueous  solution  of  bisulphite  of  soda  is  heated  until 
sulphurous  acid  ceases  to  be  evolved,  evaporated,  and  set  aside  to  crystallize,  mono- 
sulphite  of  soda  results.  The  crystals  of  this  salt  belong  to  the  rhombohedral  system, 
and  effloresce  or  evolve  their  water  of  crystallization  if  exposed  for  a  few  days  to  the  air. 
When  monosulphito  of  soda  is  fused,  no  sulphurous  acid  is  evolved ;  but  its  elements 
recombine  amongst  themselves,  forming  sulphide  of  sodium  and  sulphate  of  soda. 

MypoaulphiU  of  Soda,  NaOSjOj. — This  compound  has  acquired  great  importance  in 
the  arts  of  daguerreotype  and  calotype,  and  is  now  made  in  large  quantities. 

Freparation. — The  best  means  of  generating  hyposulphite  of  soda  is  the  follow- 
ing : — Digest  sulphite  of  soda  with  sulphur  until  no  more  sulphur  is  dissolved ;  filter 
the  clear  liquor,  evaporate,  and  set  aside  to  crystallize. 

Properties. — Hyposulphite  of  soda,  and  the  soluble  hyposulphites  generally,  possess 
the  remarkable  property  of  dissolving  metallic  oxides — especially  .oxide  of  silver 
— in  considerable  quantities,  without  giving  rise  to  any  tangible  compound.  With 
silver  the  result  of  this  action  is  especially  remarkable,  the  resulting  solution  being 
incapable  of  yielding  a  precipitate  with  chlorine,  hydrochloric  acid,  or  the  soluble 
chlorides.  All  the  hyposulphites  are  decomposed  on  the  addition  of  a  stronger  acid. 
Immediately,  however,  the  acid  is  liberated,  it  separates  into  sulphurous  acid,  wHich 
is  evolved,  and  sulphur,  which  deposits. 

Gazbonates  of  Soda,  NaOOglOHO. — There  are  three  known  combinations  of 
carbonic  acid  with  soda — the  mono  or  neutral  carbonate,  the  bicarbonate,  and  the 
sesquicarbonate. 

Neutral  Carbonate  of  Soda. — Formerly  this  salt,  large  quantities  of  which  are  con- 
sumed in  various  operations,  was  prepared  by  lixiviating  the  ashes  of  sea- weeds  (kelp), 
or  the  ashes  of  certain  plants  growing  near  the  sea  (barilla).  At  present  very  little 
carbonate  of  soda  is  obtained  from  either  of  the  above  sources,  vast  quantities  being 
made  from  sea-salt  by  the  process  of  Leblanc,  already  indicated.  The  operation 
consists  of  three  diflferent  stages  of  manufacture.  The  first  consists  in  decomposing 
sea-salt  by  means  of  sulphuric  acid,  the  result  of  which  treatment  is  the  generation  of 
hydrochloric  acid  and  sulphate  of  soda;  the  second  consists  in  decomposing  the 
sulphate  of  soda  by  heating  in  reverberatory  furnaces  a  mixture  of  this  substance 
with  carbonate  of  lime  and  carbonaceous  matter ;  and  the  third  in  lixiviating  and 
evaporating  the  product.  The  evaporation  in  practice  is  usually  carried  to  the  extent 
of  determining  the  formation  of  a  pellicle  on  the  liquor,  which  is  then  poured  into  a 
tank,  and  allowed  to  crystallize.  When  the  treatment  is  as  thus  described,  the 
resulting  crystals  contain  ten  equivalents  of  water  of  crystallization ;  but  if  the 
crystals  be  caused  to  form  in  a  hot  liquor  still  under  process  of  evaporation,  the  amount 


410  PHOSPHATES  OF  S01>A. 


of  water  which,  they  contain  is  smaller.  Crystals  of  carbonate  of  sods  cEssotYS  in 
twice  their  weight  of  cold,  but  in  their  own  weight  of  boiling  water.  Exposed  to  the 
air,  they  deliquesce,  evolving  their  water  of  cryrtallization,  and  enimbling  to  powder. 
Carbonate  of  soda,  when  heated,  fast  dissolves  in  its  own  water  of  crystallization, 
undergoing  the  watery  fusion ;  it  then  undergoes  a  second  fusion,  and  becomes  anhy- 
drous carbonate  of  soda. 

Bicarbonate  of  Soda,  NaO  200^  +  HO.— This  salt  may  be  prepared  by  trsns- 
mitting  a  current  of  carbonic  acid  gas  through  a  concentrated  solution  of  mono- 
carbonate  ;  a  second  equivalent  of  carbonic  acid  is  absorbed,  and  bicarbonate  of  soda, 
being  more  insoluble  than  the  preceding  salt,  falls.  Bicarbonate  of  soda  is  also 
prepared  by  transmitting  a  current  of  carbonic  acid  gas  through  crystals  of  the 
neutral  carbonate  undissolved. 

Sesquicarhonate  of  Soda,  2NaO,  SCOo  +  4H0. — A  crystalline  sesquicarbonate  of 
soda  having  the  above  composition  is  found  as  a  natural  product  in  many  parts  of  the 
world,  especially  Egypt,  Mexico,  and  India.  The  crystalline  sesquicarbonate  does 
not  effloresce  in  the  air. 

Nitrate  of  Soda. — ^Nitric  acid  unites  with  soda  in  only  one  proportion,  constitnting 
nitrate  of  soda  or  cubic  nitre.  It  may  be  obtained  directly  by  dissolving  carbonate  of 
soda  in  nitric  acid,  and  crystallizing  the  residue ;  bat  it  is  seldom  produced  thus,  being 
generated  spontaneously  in  Peru  and  some  other  parts  of  the  world. 

Phosphates  of  Soda. — I  have  already,  under  the  head  ofphotphcrie  aetd,  pointed 
out  the  three  peculiar  modifications  which  this  acid  may  assume,  and  which  are  known 
respectively  by  the  terms  monobasic  or  metaphosphoric  acid,  bibasie  or  pyrophoephorie 
acid,  and  tribasic  or  ordinary  phosphoric  acid.  Each  of  these  modifications  of  phos- 
phoric acid  combines  with  soda  in  more  than  one  proportion ;  consequently  tjiere  are 
several  phosphates  of  soda. 

First  or  Ordinary  Tribasic  Phosphate  of  Soda,  2NaOP05  +  25HO,  or,  seeing  that  one 
equivalent  of  water  entering  into  its  composition  is  differently  circumstanced  to  the 
rest,  (2NaO  +  HO)  PO5  +  24HO. 

Preparation. — When  bone  ashes  arc  treated  with  oil  of  vitriol,  the  resulting  solution, 
contains  superphosphate  of  lime.  If  carbonate  of  soda  be  added  to  this  solution  until 
all  deposition  of  carbonate  of  lime  ceases,  and  the  supernatant  solution  evaporated 
until  the  formation  of  a  pellicle,  and  then  allowed  to  cool,  crystals  of  tribasic  phos- 
phate of  soda  deposit.  It  exercises  an  alkaline  reaction  on  turmeric  and  reddened 
litmus-pnpcr.  Exposed  to  the  air  it  effloresces,  and  dissolves  in  two  parts  of  boiling 
and  four  of  cold  water.  If  exposed  to  boat,  it  loses  its  water  of  crystallization ;  and 
if  rcdissolved  in  water  and  the  solution  recrystallized,  the  original  tribasic  salt  is 
reproduced,  provided  the  heat  effusion  was  not  too  high.  The  effects  of  this  excess  of  heat 
in  generating  a  bibasie  phosphate  have  already  been  indicated. 

Second  Tribasic  Phosphate  of  Soda,  3XaO,  PO5  +  24HO. 

Preparation. — By  adding  an  excess  of  carbonate  of  soda  to  the  proceding  phosphatt, 
and  evaporating  the  result  until  crystals  form. 

Third  Tribasic  Phosphate  of  Soda,  3(NaO  +  2H0)  PO5  +  2H0. 

Preparation. — By  adding  an  excess  of  phosphoric  acid  to  the  first  or  ordinary 
tribasic  phosphate,  and  evaporating  until  crystals  form.  All  the  three  salts  just 
described  give  yellow  precipitates  with  nitrate  of  silver. 

Bibasie  Phof^phafe  of  Sofa  (Pyrophosphate  of  Soda),  2I<"aOP05  +  lOHO. 

Preparation. — By  igniting  common  phosphate  of  soda,  dissolving  the  result  of 
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igsition  in  water,  an^  recrystalliung.  Th&  existence  of  another  bilMMia  pitoq^bate 
lias  been  determined,  eontaining  an  equivalent  of  baaio  water;  but  it  kaa  not  been 
obtained  in  erystals. 

Mwiobaaw  PkoephttU  nf  Soda  (Metaphospbate  of  Soda),  NaOPOg. 

Preparation. — By  exposure  to  a  high  temperature,  either  the  acid  tribasic  phos- 
phate, or  the  substance  next  to  be  described  (toiicrooosmic  salt).  It  is  deliquescent  and 
fusible,  readHy  soluble  in  water,  but  does  not  form  crystals. 

Phosphate  of  Soda  and  Ammonia  (Hicrocoemio  Salt),  NaO,  NH4O,  HO,P05+8HO. 

Preparation. — By  dissolving  six  parts  of  common  phosphate  of  soda  in  two  of 
water,  then  adding  one  part  of  sal-ammooiao  in  powder,  separating  by  a  filter  the 
common  salt  which  deposits,  and  evaporating  the  filtrate.  Microcosniic  salt  is  a  flux 
of  great  value,  especially  in>4Sonducting  blowpipe  operations,  for  which  purpose  it  is 
often  employed. 

Bft^oantie  of  Bote  (Borax),  XaO,  2BO3  +  lOHO.— Under  the  head  of  ioraeic  acid 
(jpage  379)  the  commercial  source  of  native  biborate  of  soda  has  been  indicated.  Con- 
siderable quantities,  however,  are  manufactured  by  saturating  the  native  boracic  acid 
of  Tuscany  with  carbonate  of  soda.  Borax  crystallizes  in  six-sided  prisma ;  the  crystals 
are  soluble  in  twenty  parts  of  old  and  six  parts  of  boiling  water.  Borax  isavaluablefiux; 
when  mixed  with  oxide  and  metallic  substances  generally  it  lowers  their  point  of  fusion, 
and  gives  rise  to  transparent  vitreous  compounds.  The  case  with  which  borax  dissolves 
meCaUie  oxides  when  fhsed  in  contact  with  them,  renders  it  valuable  in  the  operations 
of  soldering  and  brazing.  In  performing  these  c^erations  it  is  i^aolutely  necessary 
that  the  surfsces  to  be  joined  be  perfectly  free  from  all  adherent  oxide;  this  is  accom- 
pli^ed  by  the  use  of  borax,  which,  melting  in  contact  with  the  oxides,  fuses  them  away. 
Borax  may  be  rcgardad  as  filling  in  the  operations  of  igneous  chemistry,  a  parallel 
function  to  water  in  operations  by  the  moist  process.  The  constitution  of  borax  is 
acid,  as  may  be  seen  by  simply  inspecting  its  formula ;  nevertheless,  it  acts  like  an 
alkali  on  test  paper,  and  thus  furnishes  an  example  of  the  futility  of  pronouncing  on 
the  questions  of  neutrality  or  the  reverse  from  appearances  characteristic  of  free 
aeidrty  and  free  alkalinity. 

Sulphurets  (Sui^jhfdea)  0/  Sodium.— Of  these  there  are  several ;  the  nronosulphuret  cr 
monosulphide,  NuS,  is  prepared  similarly  to  the  monosulphuret  or  monosulphide  of 
potassium.  It  may  be  obtained  in  crystals,  but  soon  decomposes  by  contact  with  the 
air  into  hydrate  and  hyposulphite  of  soda. 

Chloiide  of  Sodivin  (Common  Salt),  Na  CI.— This  most  important  salt  may  be 
formed  directly  for  the  purpose  of  demonstration,  by  saturating  either  carbonate  of  8<jda, 
or  hydrate  of  soda,  with  hydrochloric  acid,  and  evaporating  the  fluid  until  crystals  form. 
When  chloride  of  sodium  absolutely  pure  is  requiicd  for  certain  purposei  of  chemical 
experiment,  the  above  is  the  best  method  of  procuring  it.  Nature,  however,  supplies  it 
to  ns  ready  made,  and  in  quantities  which  are  inexhaustible.  In  many  parts  of  the 
world  it  is  obtained  by  evaporating  sea- water ;  in  others  it  is  procured  from  beds  of 
rock-salt.  Generally  speaking,  rock-salt  does  not  furnish  chloride  of  sodium  sufficiently 
pure  for  eiilinary  use.  The  plan  of  obtaining  white  salt  from  coloured  nwjk-sult,  is  as 
follows  -.—Pits  or  wells  are  dug  into  the  salt-bed,  and  into  these  pits  water  is  allowed 
to  accumulate  and  remain  until  it  becomes  fully  saturated.  During  its  act  of  solution 
various  metallic  oxides,  especially  oxide  of  iron,  which  is  associated  with  chloride  of 
sodium  in  rock-salt,  deposit?,  yielding  a  comparatively  pure  and  colourless  solution 
above  ;  this,  on  being  subjected  to  evaporation,  yields  white  table  salt.  j 
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AUudimetvy. — This  term  is  applied  to  the  operatioa  of  determining  the  percentage 
amount  of  soda  or  potash  in  a  given  quantity  of  impure  carbonate  or  hydrate  of  soda, 
or  potash,  such  as  we  find  in  soda  ash,  barilla,  kelp,  or  potash,  as  the  case  may  be. 
These  products  vary  as  to  composition  between  very  wide  extremes ;  but  their  eflfectivo 
constituents  are  hydrate,  and  carbonate  of  alkali — ^potash  or  soda. 

From  a  consideration  of  the  laws  of  definite  chemical  combination,  it  follows  that 
the  relation  between  a  given  base  and  the  necessary  amount  of  acid  to  neutralize  that 
base  and  form  a  given  result,  is  fixed  and  invariable.  For  example,  inasmuch  as  the 
combining  equivalent  of  sulphuric  acid  is  forty,  and  of  soda  thirty-one,*  it  follows  that 
an  unknown  weight,  which  we  will  caU  x  of  soda  capable  of  neutralizing  40  grains  of 
sulphuric  acid  must  be  equal  to  32  grains.  Again,  inasmuch  as  the  combining 
equivalent  of  potash  is  47,  it  follows  that  an  unknown  quantity  {po)  of  potash  must  be 
equal  to  47  grains.  On  the  consideration  of  these  facts  is  based  the  ordinary  method 
of  alkalimetry ;  which  consists  in  the  addition  of  dilute  sulphuric  acid  of  known 
strength  to  a  given  weight  of  alkaliniferous  compound,  and  noticing  the  amount  of  acid 
employed  for  its  neutralization,  as  indicated  by  test  paper.  The  amount  of  acid 
used  may  be  determined  by  weighing  or  by  measuring,  the  latter  process  being  most 
generally  adopted. 

Preparation  of  Alkdlimetric  Sulphuric  Acid. — It  is  obviously  indispensable  to  begin 
by  forming  test  acid  of  determinate  strength — ^the  proportions  of  one  part  (weight)  in 
ten  parts  of  fluid—in  other  words,  one  part  to  nine  parts  of  water  are  generally  adopted. 
If  the  oil  of  vitriol  happen  to  have  a  specific  gravity  of  1*85,  it  will  be  a  monohydrate, 
and  the  process  of  converting  it  into  test  acid  is  simple  enough.  Inasmuch  as  49 
grains  of  monohydrate  of  sulphuric  acid  contain  40  of  real  acid,  the  quantity  of  the 

latter  required  in  the  imperial  gallon  of  70*000  will  be,  of  course,  — r^r — ,  or  7000 

grains.    Now  7000  grains  of  real  acid  correspond  with  8574*  grains  of  the  monohydrate, 
as  the  following  proportion  demonstrates : — 

40  :  49  : :  7000  :  8574. 
Hence,  8574  grains  of  monohydrate  of  sulphuric  acid  being  weighed  out,  and  diluted 
with  the  necessary  amount  of  water  to  make  up  the  gallon,  the  result  is  the  test  acid 
required. 

If,  however,  the  oil  of  vitriol  employed  be  weaker  than  the  monohydrate,  a  con- 
dition indicated  by  its  having  a  less  specific  gravity  than  1*85,  the  process  of  bringing 
it  to  the  condition  of  test  acid  is  more  troublesome.  The  first  step  consists  in  ascer- 
taining its  exact  strength  by  a  process  the  exact  reverse  of  alkalimetry — namely,  by 
seeing  how  much  alkali  of  definite  and  known  composition  it  is  capable  of  neutralizing. 
Pure  anhydrous  carbonate  of  soda  is  used  for  this  purpose.  Its  atomic  or  equivalent 
niunber  is  53,  hence  every  53  parts  of  this  salt  neutralized  will  be  indicative  of  40 
parts  of  real  sulphuric  acid  expended  in  effecting  the  neutralization.  These  data 
furnish  the  means  of  learning  the  strength  of  the  sulphuric  acid  employed  by  a  very 
obvious  proportion. 

The  Alkalimeter.  Variety  1,  Measuring  Alkalimeter. — This  consists  of  a  glass  tube 
about  fifteen  inches  long  and  about  half  an  inch  internal  diameter,  capable  of  holding 
1000  grains  of  water  at  60=*  Fah.,  and  graduated  in  divisions  of  one  grain.  In  its 
simplest  form,  the  alkalimeter  is  simply  a  tube  such  as  described,  furnished  with  a  lip 
or  spout ;  but  a  still  better  construction  is  represented  in  the  following  cut. 
«  Omitting  fractions  ;  vide  table  at  p.  279. 
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Let  lis  now  assume  that  the  determination  is  required  of  the  amount  of  effective 
soda  in  a  specimen  of  soda-ash.  A  given  quantity,  say  60  grains,  is 
to  be  accurately  weighed,  dissolved  in  warm  water,  and  if  it  contain 
much  mechanical  impurity,  filtered.  The  alkalimeter  is  next  filled  to 
the  extent  of  its  scale  with  test  acid,  and  portions  of  this  are  carefully 
added  to  the  soda  solution  until  complete  neutralization  has  been 
effected.  This  point  may  be  known  to  have  been  attained  when, 
after  warming  the  tested  solution  to  expel  carbonic  acid,  and  allowing 
it  to  remain  at  rest  a  few  minutes,  it  no  longer  affects  litmus-paper, 
either  blue  or  reddened.  If  we  assume  that  29  measures  or  grains 
of  test  acid  have  been  appropriated,  then  we  Icam  that  the  soda-ash 
examined  holds  44-8  per  cent,  of  effective  alkali,  by  the  following 
proportional  statement  :— 

40  :  31  : :  29  :  22*4. 

Variety  2,  Weighing  Alkalimeter This    instrument  consists  of   a 

thin  bulb  of  glass  drawn  into  a  fine,  almost  capillary,  beak,  and  sup- 
plied with  a  groimd  and  stoppered  tubulure.    It  is,  in  point  of  fact,  a  miniature 

retort,  as  the  accompanying  woodcut  represents. 
A  glance  at  the  construction  of  this  instrument 
will  show  that  it  is  well  adapted  for  the  purpose 
intended.    The  instrument  having  been  charged 
with  test  acid,  and  the  weight  of  the  instrument 
and  acid  determined,  the  stopper  is  removed,  and 
portions  of  the  acid  are  dropped  out  until  the 
alkaline  fluid  has  been  completely  saturated. 
The  instrument  is  now    weighed    again,    the 
amount  of  acid  expended  noticed,  and  the  cor- 
responding amount  of  alkali  determined  by  an 
obvious  sum  of  proportion. 
Occasionally  it  is  desirable  not  only  to  know  the  joint  amount  of  hydrate  and 
carbonate  of  an  alkali  present  in  any  given 
sample,  but  the  amount  of  each.    In  this 
case,  the  following  plan  may  be  adopted. 

By  means  of  a  bent  glass  tube  and  per- 
forated cork,  the  larger  tube  C,  holding 
pieces  of  fused  chloride  of  calcium,  is  at- 
tached to  a  small  flask.  Into  this  flask  has 
been  previously  poured  the  alkaline  solution, 
and  a  small  test  tube  has  been  lowered  in 
such  manner  that,  at  the  operator's  pleasure, 
its  contents  (dilute  sulphuric  acid)  may  be 
mingled  with  the  alkaline  solution.  Before 
this  is  done,  the  whole  apparatus  is  accu- 
rately weighed,  and  the  weight  noted.  It  is 
now  removed  from  the  balance-pan,  and  the 
acid  is  mingled  with  the  alkaline  liquor. 
Decomposition  of  course  ensues,  and  carbonic  acid  is  evolved.    Passing  through  the 
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tube  holding  chloride  of  caleiam,  it  loses  itself  in  the  air;  meanwhile  anj  small 
amount  of  aqueous  vapour  which  might  aocompany  the  gas  can  get  no  further  than 
the  chloride  of  calcium,  that  material  having  such  a  poweif  ul  tendency  to  nnite  with 
water.  But  the  most  import mt  function  of  the  chloride  of  calcium  is  this: — The 
apparatus  at  the  present  stage  of  our  operation  neoessaiily  contains  some  of  the 
carbonic  acid  evolved;  we  desire  to  expel  that  carbonic  add,  and  acoomplisli  the 
result  as  follows  :~Tfae  flat^k  is  heated  -until  it  becomes  charged  with  vapour;  this 
necessarily  pushes  the  carbonic  acid  before  it,  and  would  itself  follow  were  it  not  for 
the  protecting  chloride  of  calcium,  which  restrains  it.  The  apparatus  is  now  permitted 
to  cool,  and  is  weighed  once  more ;  the  deficiency  of  weight  is  the  weight  of  carbonic 
acid  expelled.  Twenty-two  paits  of  carbonic  add  correspond  with  forty-five  of 
carbonate  of  soda. 

The  preceding  operation  is  unexceptionable  if  an  alkaline  sulphite,  hyposnlphite,  or 
sulphuret  be  absent ;  but  the  presence  of  either  of  these  gives  rise  to  inaccuracy.  A 
preliminary  experiment  serves  to  coiivey  the  necessary  information  in  this  particular. 
Sulphurous  acid,  like  carbonic,  is  expelled  from  sulphites  and  hyposulphites  by  the 
addition  of  a  stronger  acid ;  but  it  may  be  easily  distinguished  from  carbonic  acid  by 
its  smell,  which  resembles  that  of  burning  sulphur.  Bulphurets,  too,  are  easily  recog- 
nised by  the  nauseous  smell  of  sulphuretted  hydrogen,  liberated  on  the  addition  of  an 
acid. 

If  on  testing  a  portion  of  alkaline  fluid  which  is  intended  to  be  subjected  to  the 
process  of  alkalimetry  under  consideration,  either  sulphurous  add  or  sulphuretted 
hydrogen  be  developed,  the  following  means  must  be  had  recourse  to  for  obviating 
inaccuracies  springing  from  these  sources  : — ^A  teaspoonful  of  yellow  chromate  of 
potash  must  be  added  to  the  alkaline  solution  before  pouring  it  into  the  test-bottle; 
by  which  treatment  both  sulphuretted  hydrogen  and  sulphurous  acid  will  be  decora- 
posed  at  the  moment  of  their  liberation,  sulphur  being  deposited  in  dihcr  case,  and 
all  possibility  of  error  from  the  above-mentioned  causes  obviated.  Theoretically,  the 
presence  of  chlorides  in  the  alkaline  solution  under  examination  should  bo  productive 
of  embarrassment ;  practically,  however,  they  are  not,  the  solution  being  so  weak  that 
all  the  hydrochloric  acid  resulting  from  the  chlorides  when  decomposed  is  absorbed, 
and  retained.  For  other  particulars  relative  to  this  process  of  alkalimetry,  I  must 
refer  to  the  original  work  of  Frescniiis  on  the  subject.  It  has  been  translated  into 
English  by  Mr.  Lloyd  Bullock. 

OENEBAL  REMARKS  ON  POTASH  AND  SODA,  AND  THE  SAIrt'S  OF  TRUB  ALKAUNS  METAUB. 

The  reader  will  have  remarked  that  a  very  striking  resemblance  subsists  between 
the  true  alkaline  metals  already  described  and  also  between  their  respective  combina- 
tions. The  more  striking  this  resemblance,  the  greater  is  the  necessity  for  mastering 
the  few  special  distinctions  which  do  exist,  and  which  not  only  enable  us  to  distin- 
guish as  between  combinations  of  potassium  and  sodium  respectively,  but  to  separate 
them  from  each  other.  The  following  arc  the  chief  distinctive  characteristics  known 
to  the  chemist  :-^ 

Salts  of  potassium,  and  potash,  sodium,  and  soda  do  not  yield  a  predpitate  with 
carbonic  acid  or  alkaline  carbonates— do  not  evolve  ammonia  when  a  strong  acid  is 
added^-do  not,  if  colourless  themselves,  yield  a  coloured  precipitate  with  hydzo- 
sulphuric  acid  or  hydrosulphate  of  ammonia. 
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Oomimaiumt  of  JPoiaasium  end  Potash, 
Tinge  flame,  blue. 
Yield  a  preeipitate,  in  virtue  of  tlieir  metal- 
lie  constituent,  with — 
'Tartaric  acid. 
Perchloric  acid. 
Hydro-fluoeilicic  acid. 
Chloride  of  platinum. 


CombinaiioKo  of  Sodium  and  Soda. 
Tinge  flame,  yellow. 
Are  8<raietimes  described  as  yielding  no 
precipitate,  in  virtue  of  their  metallic 
constituent,  with  any  reagent  what- 
ever ;  but  do  yield  a  precipitate  with 
antimonic  acid. 


Atomic  weight  .        .        6*43 

Preparation, — ^Lithinm  was  developed  from  its  oxide  lithia  by  voltaic  agency.  It 
may,  probably,  be  capable  of  production,  as  potassium  and  sodium  are  produced  on  the 
large  scale. 

Quite  recently  Liebig  has  published  a  method  of  obtaining  lithium  in  considerable 
quantities  from  the  fused  chloride  of  lithium.  The  salt  is  placed  in  a  crucible  of  porcelain 
attached  to  the  negative  terminal  of  a  voltaic  battery,  and  fused;  the  negative  terminal 
or  pole,  which  is  of  iron  wire,  and  about  the  size  of  a  knitting-needle,  is  now  brought  in 
contact  with  its  sui-face,  when  decomposition  immediately  ensues,  and  metallic  lithium 
attaches  itself  to  the  end  of  the  wire.  As  one  portion  of  metal  is  thus  obtained,  it  may 
be  detached  by  an  iron  spoon,  and  thrown  into  Persian  naphtha,  on  the  surface  of  which 
it  floats,  lithium,  in  point  of  fact,  being  the  lightest  known  soUd  in  nature. 

Prnpertiet.'^X.  white  noietal  resembling  sodium  in  its  physical  and  chemical  charac- 
teristics. 

Compounds* — ^Oxide  of  lithium,  or  lithia,  LO.    This  body  stands  in  the  same  rela- 
tion to  lithia  as  soda  to  sodium,  and  potash  to  potassium.    It  is  a  rare  compound,  being 
specially  denominated  in  the  mineral  kingdom,  and  is  chiefly  interesting  as  furnishing 
the  connecting  link  between  the  true  flxed  alkalies  (potash  and  soda)  and  the  earths. 
The  principal  minerals  in  which  lithia  is  found  arc  some  varieties  of  touru inline, 
ampligonite,  lepidolite,  and  spodumene.     There  are  various  processes  for  extmcting 
lithia  from  these  minerals,  and  all  involve  a  difficulty,  springing  from  the  same  cause 
namely,  the  necessity  of  avoiding  soda  and  potash  in  every  part  of  the  analytical 
process.    As  a  general  rule,  the  first  part  of  every  analysis  of  a  siliceous  mineral, 
insoluble  in  acids  {some  siliceous  minerals  are  soluble),  consists  in  levigating  it  with 
potash  or  soda,  or  the  carbonatea  of  one  or  both  of  these  alkalies,  and  fusing  the 
mixture  in  a  platinum  crucible.    From  this  plan  of  treatment,  where  the  object  is  to 
extract  lithia,  we  are  debarred ;  because  if  lithia  were  once  mixed  with  any  comx>ound 
of  tho  preceding  alkaline  metals,  the  difficulties  attendant  upon  their  separation  would 
be  enormous.    Though  the  processes  which  have  been  suggested  for  tho  isolation  of 
lithia  are  numerous,  they  admit  of  being  reduced  to  two  generalizations.     The  first 
consists  in  substituting  an  alkaline  earth,  or  a  carbonate  of  an  alkaline  earth,  for  a 
real  alkali  or  its  carbonate,  in  the  preliminary  operation  of  fusion ;  the  second,  which 
is  by  far  the  more  elegant,  consists  in  removing  all  the  silica  in  the  form  of  gaaeous 
fluoride  of  silicon. 

Scheme  1. — ^Petalite  is  to  be  reduced  to  an  impalpable  powder,  then  mixed  with  fi^ire 
or  six  times  its  own  weight  of  carbonate  of  lime,  or  of  baryta,  and  heated  to  whiteness 
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in  a  platinum  crucible  placed  in  an  earthen  one,  with  a  layer  of  magnesia  between  the 
two,  for  the  space  of  one  hour.  The  resulting  mass  is  next  digested  in  hydrochloric 
acid  moderately  diluted,  evaporated  to  dryness ;  taken  up  once  more  by  dilate  hydro- 
chloric acid,  and  filtered  for  the  purpose  of  remoring  silica  (page  382).  The  solution 
is  next  mixed  with  excess  of  carbonate  of  ammonia,  boiled,  and  filtered ;  the  filtrate 
evaporated  to  dryness,  and  heated  in  a  platinum  crucible,  by  which  means  hydro- 
chlorate  of  ammonia  is  expelled,  and  fused  sulphate  of  lithia  remains.  From  the 
sulphate  the  salts  of  lithia  may  be  prepared. 

Scheme  2. — Petalite  being  finally  levigated  as  before,  is  mixed  with  twice  its  weight 
of  fluor-spar,  and  the  whole  formed  into  a  paste  with  strong  oil  of  vitriol.  The 
operation  requires  a  platinum  dish.  Heat  is  now  applied,  and  all  the  silicic  acid  is 
evolved  in  the  condition  of  fluo>silicic  acid  gas.  The  solid  fixed  result  is  a  mixture 
of  sulphate  of  lime  with  sulphate  of  lithia.  The  latter  may  be  dissolved  ont  by  a 
mixture  of  alcohol  and  water,  a  menstruum  in  which  sulphate  of  lime  (g3rp8um)  u 
insoluble. 

Hydrate  of  lithia,  although  having  most  general  similarity  to  the  hydrates  of 
potash  and  of  soda,  is  more  insoluble  than  either,  thus  manifesting  an  approach  to  the 
class  next  to  be  treated  of^namely,  the  alkaline  earths— like  which,  also,  it  forms 
sparingly  soluble  combinations  with  carbonic  and  phosphoric  acids. 

TEBBIGENOUS   METALS — BABIUM. 

Equivalent  or  atomic  weight         .        .        .         68*5 

History. — Barium  was  discovered  by  Sir  Humphry  Davy,  who  obtained  it  by  sub- 
jecting baryta  to  voltaic  decomposition.  It  may  be  obtained  more  readily  by  trans- 
mitting vapour  of  potassium  through  baryta  (oxide  of  barium),  contained  in  an  iron 
tube  strongly  heated.  Baryta  by  this  treatment  is  decomposed,  potash  being  foimed 
and  barium  liberated.  The  mixture  of  potash  and  barium  is  now  triturated  with 
mercury,  by  which  means  a  barium  amalgam  is  formed ;  this  being  subjected  to  heat 
in  a  small  retort  of  green  glass,  containing  hydrogen  or  nitrogen,  mercury  distils  over, 
and  barium  remains. 

Properties. — These  are  very  similar  to  those  of  the  alkaline  metals  already  described. 
Barium  is  yellowish  white,  something  the  colour  of  silver,  malleable,  fusible  at  a  heat 
below  redness,  decomposes  water,  though  not  so  violently  as  potassium  and  sodium; 
and,  if  exposed  to  the  air,  soon  becomes  coated  with  a  white  crust  of  protoxide  of 
barium,  or  baryta. 

Protoxide  of  Barium  {Baryta),  BO — Originally  this  compound  was  termed  barytes, 
but  it  is  now  called  baryta  for  the  sake  of  uniformity.  The  designation  baryta  comes 
from  Bapvs,  heavy,  on  account  of  the  great  weight  of  native  sulphate,  and  carbonate  of 
baryta. 

Preparation.— Vvo^  baryta  cannot  readily  be  obtained  from  the  carbonate  by  sub- 
jecting the  latter  to  heat,  as  is  the  case  with  lime,  in  consequence  of  the  tenacity  with 
which  the  carbonic  acid  is  retained.  The  best  method  of  preparing  it  consists  in  decom- 
posing the  nitrate  at  a  red  heat  in  a  large  porcelain  crucible,  by  which  treatment  the 
constituents  of  nitric  acid  are  evolved,  and  baryta  remains. 

Properties. — A  dirty  white  or  gray  substance,  fusible  at  high  temperatures,  and 
manifesting  a  great  tendency  to  combine  with  water,  and  form  the  compoand  next  to 
be  described. 
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MydraU  of  Baryta^-^Tlda  compound  may  be  prepared  either  by  treating  anhydrous 
baryta  with  water,  or  by  boiling  a  solution  of  sulphide  of  barium  with  copper,  in  which 
case  the  metal  removes  the  sulphur,  forming  an  insoluble  sulphide  of  copper,  and 
aokition  of  hydrate  of  baryta  remains.  By  evaporation  it  may  be  obtained  in  the 
crystalline  state.  It  contains  10  equivalents  of  water,  and  hence  its  formula  is 
BaO  4"  lOHO.  When  the  crystals  are  heated  they  evolve  9  equivalents  of  water, 
leaving  the  monohydrate,  a  substance  which  cannot  be  decomposed  by  heat.  The 
solution  of  hydrate  of  baryta  is  strongly  alkaline ;  by  exposure  to  the  atmosphere  it 
rapidly  attracts  carbonic  acid,  and  generates  carbonate  of  baryta. 

Feroxide  or  Binoxide  of  JSanMm.— Preparation :  When  baryta  (protoxide  of  barium) 
is  heated  in  oxygen  gas,  at  temperatures  between  550°  and  750°  Fah.,  a  second  equi- 
valent of  oxygen  is  absorbed,  and  binoxide  of  barium  results. 

FroperUe9.—la  physical  appearance  this  substance  resembles  baryta,  only  its  colour 
is  slightly  darker.  It  readily  combines  with  wat6r,  forming  a  hydrate  of  uncertain 
composition ;  by  boiling  this  solution  oxygen  gas  is  evolved,  and  hydrate  of  baryta 
xemains. 

Salts  of  l^KKjtfL^-^Sulphaie  of  Baryta, — This  compound  is  found  in  nature,  and 
is  also  readily  formed  by  artificial  processes.  Whenever  sulphuric  acid,  or  a  sulphate 
is  brought  into  contact  with  a  solution  containing  baryta,  or  barium,  in  any  form  of 
combination,  sulphate  of  baryta  results,  alid  is  deposited.  Native  sulphate  of  baryta 
is  called  heavy  spar,  its  specific  gravity  is  4*4.  Sulphate  of  baryta  is  remarkable  for  its 
extreme  insolubility.  In  water,  hot  or  cold,  it  is  quite  insoluble ;  and  even  hot  nitric 
and  hydrochloric  acids  dissolve  but  the  faintest  traces.  Owing  to  the  tendency  of 
baryta  to  combine  with  sulphuric  acid,  solution  of  hydrate  of  baryta,  and  barytic  salts 
generally  are  valuable  agents  for  the  separation,  and  quantitative  estimation,  of 
sulphuric  acid.  Conversely,  sulphuric  acid  and  soluble  sulphates  are  employed  for  the 
separation  and  estimation  of  baryta.  Sulphate  of  baryta  is  a  compound  of  one  equiva- 
lent of  acid  and  base ;  hence,  every  116*64  parts  of  the  salt  correspond  with  40  of  real 
sulphuric  acid  and  76*5  of  baryta. 

Nitrate  of  Baryta-^-TlnB  salt  is  of  extensive  application  in  the  laboratory  as  a 
chemical  re-agent ;  it  may  bo  prepared  directly  by  saturating  either  baryta,  or  hydrate 
of  baryta  with  nitric  acid,  and  crystallizing  the  solution  by  evaporation.  A  similar 
final  result  occurs  when  carbonate  of  baryta  is  substituted  for  the  preceding ;  occa- 
sionally, however,  in  practice,  nitrate  of  baryta  is  prepared  from  the  native  sulphate 
indirectly  as  foUows.  Native  sulphate  of  baryta,  finely  powdered,  is  mixed  with 
about  one-tenth  its  weight  of  finely  divided  charcoal;  a  sufficient  quantity  of  oil  is 
now  incorporated  with  the  mixture  to  form  a  stiff  paste,  which  is  heated  in  a  crucible 
to  redness.  Decomposition  ensues,  and  sulphuret  (or  sulphide)  of  barium,  intimately 
mixed  with  charcoal,  remains.  The  mixture  is  now  lixiviated  with  water,  which 
dissolves  out  the  sulphide  of  barium  and  leaves  the  charcoal.  Nitric  acid  is  now  added 
to  the  solution  of  sulphide  of  barium,  by  which  treatment  further  decomposition  is 
effected ;'  hydrosulphuric  acid  being  evolved,  and  nitrate  of  baryta  formed.  The  latter 
salt  may  be  obtained  in  crystals  by  evax>oration. 

Carbonate  of  Baryta. — ^This  salt  is  found  native,  being  known  by  the  name  of 
With&rite ;  it  may  also  be  readily  formed  by  the  double  decomposition  of  a  soluble 
baryta  salt,  by  means  of  a  soluble  carbonate,  or  by  the  transmission  of  carbonic  acid 
gfls  througih  a  solution  of  hydrate  of  baryta.  At  a  very  high  temperature  carbonate  of 
baryta  fuses  and  evolves  its  carbonic  acid ;  but  at  a  temperature  short  of  fusion  this 
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AeocnpoKtioii  does  not  «iini« :  henee,  carixmatc  of  bar^  esiflut  \m  aurite  tt  yield 
baijta  by  tlie  mere  preeesi  of  kiin-bommg,  as  » the  cue  wftk  lima, 

Smiphidet  •r  8%Uphm$t9  ^Bmiunu^Thne  are  iaircral  ol  tlwao  ooaiyiav  ItaiUte 
etaot  number  has  aot  been  detennmed.  MoBsaalf bMo  of  bazim  l«  a  1 1  yslilliiifi 
compomi,  it  may  bt  obtained  by  caiefiiUy  on^oratiug  the  lixiyiated  rmAt  e#lMtiig 
aolphate  ol  baryta  irith  (diarooal.  Ihe  higher  sulphar  eompoonds  of  bmam  aie  imr 
«r  less  yvUow,  aftd  may  be  pr^ared  by  dtgaiting  a  solution  of  the  awMsaidphiia  widi 
sul^Eaar* 

Chloride  of  Barium. — ^Thls  Tery  xmpoctaat  salt  may  bo  pitpamdl  by  thw  diiMt  suto- 
atton  of  ba^^  or  carboosto  of  baryta  with  hytboehlorio  add ;  on  etrnfowftiBg  the 
oointioBycUorideof  barinm  is  deposited,  in  the  oryitiilUAe  form.  It  aoattaiM  «ni  aton 
respectiyely  of  chlorine  and  of  barinm,  oombcBsd  iHth  two  atoms  of  watar ;  faeOM  it  is 
n^nsonted  by  the  fbrrniOa  BaCl  ^  2H0.  By  tiio  iq^oatlon  of  hoaty  lio  water  is 
driTSB  off  and  anhydroua  chloride  'at  barium  remaiBS.  In  practke,  on  ^  li*ig»  ssak, 
diloride  of  barinm  is  prepared  indirectly,  by  calcining  in  a  lOf^rbefMtoiry'  ftmmoe  a 
mixture  of  two  parts  of  powdered  sulphate  of  baryta,  and  one  of  chloride  of  •oal^aBi. 
The  results  of  this  decompositiffli  are  snlphato  of  lifldo  and  ddori4»  of  fartwii  The 
latter  being  yory  soluble  in  water,  whilst  the  former  ia  not,  sttpavatnii  of  tl^  tw^nsf 
be  readily  e^Bacted. 

0tniral  ChoraeUritttet  of  JSwyta  (md  itt  OMnhinmtiom^-^l!h&  two  nwat  IsaffiBg 
oisractsnsties  of  this  dass  of  bodies  hare  already  been  indicatecU-^Mmelf,  Asv 
tendency  to  form  earbonate  and  solphate  of  baryta.  In  addition  to  these  peenfiarititt 
thefblfowing  should  bo  femombered  by  the  chemist.  The  salts  of  bcryta  yidd  m 
pereslpitate  with  ammonia^  provided  the  latter  be  oompletely  free  fifwrn  osorbonie  acid. 
The  most  likely  substaneea  to  bo  mistaken  tor  barytic  salts  in  sohttioit  are  solartieiissf 
leal  and  strontium,  botii  of  which  affi>rd  white  procipitates  with  carftotttc  aeid  iad 
oarbomtes,  sulphuric  acid  and  sulphates,  resemblkig  by  gotterttl  tppearanee  tiofle 
pradnced  by  barytic  compounds.  Lead,  howsrer,  the  st^Mknt  wiS  ivmembor,  i»  a 
edhigenous  metal ;  its  compounds  blacken  solutions  of  hydrosnlphittfo  SKzd  or  hydro- 
sulfhates,  whidi  baryta  and  solutions  of  batytio  saks  do  not ;  th«  between  tbese  two 
elasses  there  is  a  ready  means  of  distinction.  As  between  sohxticms  e#  baiiom  and 
sttootium,  the  means  of  distinction  will  be  rendered  apparent  when  gfeauthun  ahal 
come  under  onr  notice ;  meanwhile  the  fact  may  be  hidicated  that  barytic  compounds 
kayo  tke  property  of  imparting  a  greenitdL  tint  to  flani«. 

cnsommTM. 
Equiyalent  or  atomic  weight       «        .       .    sr  43*8 

Cknertd  JZsoMrA:«.— This  metal  yory  closely  resembles  barium  in  its  genera 
qualities— a  resemblance  which  holds  good  as  between  the  yarieua  parallel  eem- 
binaUons  of  the  two  metals.  The  term  attontU  is  deritod  fbom  the  name  of  the 
looality  StrotUiany  in  Scotland,  where  the  carbonate  of  the  oaids  of  atrvofinm  (alMKtia) 
is  found  natiye.  There  Is  also  a  natiye  sulphate  of  itrootia  (odder  of  atsontinm) ;  ito 
mineralogioal  designation  is  ulesiinf, 

Frtparation, — Exactly  like  barium  from  baryta. 

Properties. — Alinost  the  same  as  those  of  barium. 

Compounds  of  Strontium  with  Ox^en^  Protoxide  of  Strontium,  or  56-s»#fa.— This 
earthy  oxide  is  prepared  by  processes  so  exactly  resembling  thme  oh««dy  emmMnted 
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under  the  head  of  baiyU  that  it  ii  unneoeBsary  to  partionlarize  them,  like  baryta,  it 
forms  a  crystalline  hydrate  with  water,  haTuig  the  oompofliUen  of  SrtO  -f  lOHO. 

£moxide  qf  Strtmtia  may  be  prooured  by  the  addition  of  peroxide  {bi&ozidG  of 
l^drogen)  to  a  solution  of  hydrate  of  strontia ;  under  wiiioh  ^»roumstanoes  it  depeiits 
in  the  form  of  small  orystals. 

lalto  of  Stio&tiit.— Protoxide  of  strontium,  or  strontia,  performs  the  part  of  a 
rery  powerful  base,  oombining  with  most  acids,  and  giving  rise  to  well-defined  salts. 

NitraU  of  Strontia.^^Thia  salt  is  prepared  by  parallel  operations  to  those  already 
described  under  the  head  of  nitrate  of  baryta.  It  readily  orystalliees ;  if  evaporated 
by  applioation  of  heat,  the  orystals  are  anhydrous ;  but  if  eraporated  in  vaouo,  the 
orystals  retain  fire  equivalents  of  water.  Nitrate  of  strontia  is  muoh  employed  in 
pyioteohnio  art,  for  the  purpose  of  oommanioating  a  red  tint  to  oertoin  fireworks. 

CarboHoU  and  BtdphaU  of  Strontia. — These  salts  are  exoeedingly  similar  to  those  of 
baryta,  and  need  no  further  description.  A  similar  remark  also  applies  to  the  stUphidis 
rf  WrwUUu  Chhrid$  <(f  sitotUiuin  may  be  prepared  by  processes  corresponding  with 
those  employed  £or  the  preparation  of  chloride  of  barium,  from  which  it  may  be  dis- 
tinguished by  the  property  of  readily  dissolying  in  alcohol,  whereas  chloride  of  barium 
it  insoluble  in  that  menstruum.  Orystallized  chloride  of  strcmtium  holds  six  -equi- 
vaisnts  of  water,  and  its  formula  consequently  is  Si-Cl  +  6H0. 

Omeral  CharaetMrUtici  i^  Strontia  and  its  Combinatitma, — The  soluble  compounds  of 
strontium  and  strontia,  yield  no  precipitate  with  pure  ammouisy-  but  %re  precipitated 
by  carbonate  of  ammonia,  and  alkaline  carbonates  generally.  They  yield  a  very 
insoluble  white  sulphate  with  sulphuric  acid,  and  soluble  sulphates  generally,  which 
can  hardly  be  distinguished  from  sulphate  of  baryta,  except  by  the  aid  of  collateral 
tests.  It  is,  faflwever,  rather  more  soluble  in  water  than  sulphate  of  baryta.  Hence, 
if  sulphate  of  strontia  be  boiled  with  water,  filtered,  and  tested  with  a  soluble  salt  of 
baryta,  sulphate  of  the  latter  base  is  generated.  The  other  distinctive  characteristies 
as  between  barium  and  strontium,  and  their  respective  oombinatkms  may  be  thus 
stated:— 


SfynmUmn  and  its  Oombinaiions, 

Tinge  flame  red. 

Chloride,  soluble  in  alcohol. 

Ghromate  of  potaidi  gires  no  precipitate. 

Hydrofluosilioic  acid  yields  no  pxooipi<* 


£arkm  and  it$  Cbmbmat{on». 
Tinge  flame  green. 
Chloride,  insoluble  in  alcohol. 
Chromate  of  potash  gives  a  yellow  pre- 
cipitate. 
Hydn)fliK>silieic  add  yields  a  precipitate. 

GUionnr. 

Equivalent -or  atomic  WBight  »       •       flO 

General  Remarks, — ^This  metal  is  very  widely  diflused  through  nature  in  the  form 
of  oxide  of  calcium  (lime)  variously  combined;  especially  with  carbonic  and  sulphuric 
acids,  constituting  respectively  carbonate  and  sulphate  of  lime.  Calcium  is  obtained 
by  processes  similar  to  those  for  obtaining  barium  and  strontium,  and  in  physical 
appearance  it  much  resembles  these  metals. 

C^poundt  of  Calcium  with  Oxygen — ^There  are  two  known  oxides  of  calcium.  One 
the  well  known  protoxide^  or  lime,  the  other  having  the  composition  of  Ca  0,,  and, 
therefore,  appropriately  termed  the  binoxide  or  peroxide. 

Trotostide  of  Calcium  (/ime).— This  oxide  is  readily  prepared  by  stron^^y  heatiug  any 
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of  the  natiye  carbonates  of  lime,  such  as  Iceland  spar,  marble,  chalk,  or  any  of  the 
various  rocks  to  which  the  generic  term  limestone  is  applied. 

When  desired  qnite  pure,  the  best  material  from  which  to  obtain  lime  is  Iceland 
spar ;  but  white  statuary  marble  is  nearly  as  pure,  and  far  less  expensive.  Absolutely 
pure  lime  may  also  be  obtained  by  calcining  nitrate  of  lime,  as  was  directed  in  the  case 
of  baryta  and  strontia.  Lime  is  whiter  than  either  baryta  or  strontia,  and,  like  them, 
highly  caustic ;  like  them,  too,  it  may  be  precipitated  from  its  solutions  by  means  of  sul- 
phuric acid  and  sulphates,  though  not  so  readily ;  and  not  except  certain  precautions  be 
taken,  which  will  be  mentioned  farther  on.  From  a  consideration  of  these  &ct8,  we  lean 
that  carbonate  and  sulphate  of  lime  are  far  less  insoluble  than  the  corresponding  salts  of 
baryta  and  strontia.  Lime  cannot  be  frised  by  the  strongest  famace  heat,  and  it  b 
almost  infrisible  in  the  oxy-hydrogen  flame.  lime,  like  baryta  and  strontia,  combines 
with  water,  and  forms  many  hydrates.  During  this  process  of  combination,  much 
beat  is  eyolved.  When  only  sufficient  water  has  been  added  to  make  the  lime  cmmUe 
to  powder,  the  result  is  called  slaked  lime ;  when  enough  is  added  to  form  a  paste,  this 
is  called  cream  of  lime  ;  and  a  colourless  solution  of  lime  in  water  is  called  lime-water. 
The  quantity  of  lime  capable  of  being  dissolved  by  water  is  very  minute,  not  exceeding 
one  part  in  a  thousand,  and  still  less  if  the  water  be  hot :  for  lime  presents  the  remaxic- 
able  condition  of  being  more  soluble  in  cold  than  in  hot  waten  Lime-water,  when 
prepared,  must  be  preserved  from  atmospheric  contact,  otherwise  it  absorbs  carbonic 
aeid,  and  forms  earbtmaU  of  lime.  The  applications  of  lime  are  numerous  and  im- 
portant. It  constitutes  the  basis  of  all  aerial,  and  the  greater  number  of  subaqueous 
mortars,  and  is  extensively  employed  as  a  fertilizer.  The  theory  of  the  Hardening  of 
mortars  partly  depends  on  the  lime  absorbing  carbonic  acid,  and  becoming  carbonate, 
and  partly  on  its  dissolving  silica,  and  generating  siLLcate  of  lime.  When  the  latter 
compound  exists  below  a  certain  limit,  the  mortar  is  readily  disintegrated  by  water, 
but  when  the  quantity  of  silicate  of  lime  preponderates,  and  more  especially  where  it 
is  mixed  with  certain  amounts  of  silicate  of  iron  and  alumina,  it  is  no  longer  attacked 
by  water,  and  thus  forms  a  subaqueous  cement. 

Sulphate  of  Lime. — This  compound  may  be  directly  formed  by  the  addition  of  sul' 
phurio  acid  to  lime  or  carbonate  of  lime,  or  by  mixing  any  soluble  lime  or  calcium  salt 
with  sulphuric  acid  or  any  soluble  sulphate. 

The  remark  has  already  been  made,  that  sulphate  of  lime  is  far  less  insoluble  than 
the  sulphates  of  baryta  and  of  strontia ;  one  part,  in  point  of  fact,  dissolves  in  about 
300  of  water,  hence  lime  does  not  admit  of  being  completely  thrown  down  from  a  mere 
aqueous  solution  of  lime  salt  by  mere  addition  of  sulphuric  acid  or  a  soluble  sulphate. 
If  alcohol,  however,  be  added  to  the  solution  in  certain  proportions,  the  sulphate  of 
lime  may  be  completely  deposited,  a  circumstance  which  is  frequently  taken  advantage 
of  in  analytical  chemistry. 

It  is  the  native  sulphates  of  lime,  however,  which  claim  most  especially  our  atten- 
tion. Native  sulphate  of  lime  occurs  in  two  forms — anhydrous  and  hydrated.  The 
former  is  known  by  the  mineralogical  term  anhydrite^  and  the  latter  is  called  Platter 
ofPariSy  or  Oypsum.  This  compound,  when  quite  pure,  is  a  binhydrate,  and  is,  there- 
fore, represented  by  the  formula  Caj,  SO,  +  2H0.  It  is  rarely  found  quite  pure, 
however,  generally  containing  variable  portions  of  clay  and  carbonate  of  lime.  When 
gypsum  is  carefully  heated  at  temperatures  from  250°  Fah.  to  270''  Fah.,  its  water  is 
evolved,  and  anhydrous  sulphate  of  lime  remains.  This  latter  substance  is  much 
employed  for  the  purpose  of  taking  casts,  and  the  theory  of  its  action  is  simple.    It 
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chemically  unites  with^water,  and  again  returns  to  the  condition  of  hydrated  sulphate 
of  lime.  Occasionally  gelatinous  matters  are  dissolved  in  the  water  employed,  and  for 
some  purposes  alum  is  calcined  with  gypsum.  Alum  plaster  does  not  set  yery  quiddy, 
but,  when  once  set,  the  result  is  more  hard  and  durable  than  ordinary  hardened  plaster  ; 
it  is  therefore  preferable  for  certain  purposes,  and  being  somewhat  transparent,  it  is 
more  elegant. 

Carbonate  of  Lime. — Whenever  lime-water  is  exposed  to  the  action  of  carbonic  acid, 
either  alone  or  mixed,  or  whenever  a  soluble  salt  of  lime  or  calcium  is  mixed  with  a 
soluble  carbonate,  carbonate  of  lime  results.  Native  carbonate  of  lime,  however,  is  of 
the  greatest  importance,  and  is  very  widely  difiEiised  through  nature.  Not  only  does  it 
constitute  large  portions  of  the  crust  of  the  earth,  but  it  is  diffused  in  minute  quanti- 
ties throughout  the  members  of  the  tmimal  and  vegetable  kingdoms.  Native  carbonate 
of  lime  may  be  crystallized  or  amorphous.  The  former  is  found  in  two  crystalline 
systems,  constituting  two  minerals,  known  respectively  as  Iceland  or  calcareous  spar, 
and  arragonite.  The  former  belongs  to  the  rhombohedral  system  of  Weiss  and  Mohs, 
the  second  belongs  to  the  right  rectangular  prismatic  system. 

The  amorphous  varieties  of  carbonate  of  lime  are  far  too  numerous  for  individu- 
alization.   The  purest  variety  is  white  statuary  marble. 

Carbonate  of  lime  does  not  dissolve  in  pure  water  in  any  appreciable  quantity  ;  but 
it  readily  dissolves  in  water  containing  carbonic  acid.  This  fact  renders  easy  of  com- 
prehension a  frequently-observed  phenomenon,  occurring  when  certain  waters,  rich  in 
carbonic  acid,  and  filtrating  through  calcareous  beds,  are  boiled.  Under  these  circum- 
stances, a  crust  of  carbonate  of  lime  is  deposited,  owing  to  the  evolution  by  heat  of 
the  carbonic  acid  in  which  it  was  dissolved.  On  the  small  scale,  boiling  becomes 
an  efficient  means  by  which  carbonate  of  lime  may  be  caused  to  deposit  irom  the 
waters  in  question ;  but  to  large  bulks  of  water  it  is  obvious  this  treatment  will  not 
apply. 

To  Dr.  Clarke,  we  ifre  indebted  for  another  plan  of  accomplishing  the  same  result. 
Instead  of  dissipating  the  excess  of  carbonic  acid  by  heat,  he  removes  it  by  the 
addition  of  a  further  amount  of  lime,  by  which  treatment  the  original  amount  of 
super-carbonate  of  lime  (whatever  be  its  exact  atomic  constitution)  is  reduced  to 
the  state  of  monocarbonate ;  being  thus  necessarily  rendered  insoluble  in  water  it 
deposits. 

Fhosphates  of  Lime. — ^There  are  numerous  compounds  of  phosphoric  acid,  in  its 
three  modifications  with  lime.  The  chief  phosphates  of  lime  which  have  been  studied 
are  the  following. 

Biphosphate  ofLime,  improperly  so  co^il— This  salt  has  a  formula  of  (OaO  -(-  2H0) 
PO5,  and  is  generated  by  treating  bone  earth  with  sulphuric  acid,  separating  the 
sulphate  of  lime  which  deposits,  and  evaporating  the  filtered  liquor.  The  phosphate  in 
question  then  crystallizes. 

Photphate  of  Lime,  having  the  formula  of  (2CaO  -\'  HOjPOg  -f  4H0.  This  salt  is 
generated  by  adding  ordinary  commercial  phosphate  of  soda  (2NaO  +  HO)POa  -|-  24HO 
to  any  soluble  salt  of  lime.    It  is  a  white  gelatinous  substance. 

Pkoephate  of  Lime,  having  the  formula  of  SCaOPOa.— This  salt  may  be  prepared  by 
digesting  the  preceding  compound  with  ammonia,  which  dissolves  a  portion  of  phos- 
phoric acid ;  or  by  adding  an  excess  of  phosphoric  acid  to  a  solution  of  chloride  of 
calcium,  and  supersaturating  the  mixture  with  ammonia.  This  is  the  phosphate  of 
lime  which  exists  in  bones,  and  also  in  a  native  mineral  species  termed  apatite.    Bone 
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ashes  are  composed  of  this  phosphate,  mixed  with  carbonate  of  lime  in  the  proportigps 
of  )thsand^th. 

Metapho^hafe  of  Lime. — ^This  salt  is  represented  hy  the  fbrmnla  CaO^  PO^,  and  is 
generated  by  heating  the  biphosphate  (CaO  +  2HO)P05  to  redness. 

Chloride  of  Limey  improperly  so  called.  When  slaked  lime  is  exposed  to  the  action 
of  chlorine,  the  latter  is  absorbed,  and  a  pulverulent  material,  known  in  the  arts  as 
ekhride  oflinUy  resolts.  The  material  is  extensively  employed  in  bleaching  operations, 
in  some  varieties  of  calico  printing  by  the  process  of  dischargey  as  it  is  sppropriatdy 
termed,  and  for  numerous  other  purposes.  The  so-called  chloride  of  Ume  of  conmieice 
is  not  a  definite  componnd ;  but  the  material  on  which  the  effeetrre  propeity  depeodt 
is  hypochlorite  of  lime.  If  commercial  chloride  of  lime  be  treated  with  wvter,  hypo- 
chlorite of  lime  is  dLssolred  out.  It  may  bo  also  directly  ibrmed  by  the  ftdmixtnre  of 
hypochlorous  acid  with  cream — or  milk — of  lime ;  the  latter  nrast,  howerep,  be  in  excess, 
otherwise  the  hypochlorite  of  lime  is  decomposed  into  chlorate  of  lime,  and  ohloridt 
of  calcium. 

Chloromeiry, — This  term  may  be  correctly  applied  to  the  estimation  of  chlorine 
generally — more  usually,  however,  it  is  restricted  to  the  specific  case  of  estimating 
the  effective  amount  of  chlorine  in  commercial  bleaching-powder,  or  the  so-called 
chloride  of  lime.  The  first  method  employed  was  based  on  the  esthnatioii  of  the 
amoont  of  indigo  susceptible  of  decolonration  by  treatment  wifli  ft  definite  aisoant  of 
bleaching-powder ;  but  that  process  having  been  finind  incorrect,  it  has  gxren  jdaee  to 
a  process  founded  on  the  property  which  chlorine  has  of  converting  aneniMV  into  nuak 
acid.  The  following  proportions  of  materials  are  recommended  by  Sir  Robert  Kan«, 
and  are  found  to  answer  well  in  practice.  Dissolve  100  grains  of  araenions  aeid  fat 
2000  grains  of  strong  hydrochloric  acid,  and  the  liquor  dflnted  with  dSsftilled  water 
until  it  occupies  the  volume  of  700  grains  of  water.  The  liquid  thus  constituted  is  the 
standard  test  liquor,  which  is  used  as  follows : — Diffuse  100  grains  of  the  oonimerdal 
substance  to  be  examined  through  1000  grains  of  water,  and  pour  upon  it  l3ie  test 
liquor  from  a  graduated  glass  tube  into  a  deep  jar,  continually  agitating  the  mixtine. 

Continue  the  operation  of  pouring  and  agitation, 
until  the  decolouring  power  of  the  mixtm^  is  eoB- 
pletely  destroyed,  a  result  which  is  known  by 
testing  it,  from  time  to  time,  with  a  drop  of  eolvtioo 
of  sulphate  of  indigo.  The  absolute  qnintity  of 
efiective  chlorine  present  in  100  grains  of  eom- 
mercial  chloride  of  lime  pt^toit^^^  jg  known  bf 
dividing  the  quantity  (measnre)  of  the  teatUqnor 
employed  by  100. 

Another  process,  equally  good,  is  as  Ibllows  :— 
300  grains  of  crystalline  and  dry  sulpltate  of  inm 
are  to  be  dissolved  in  the  requisite  quantity  of  water 
for  bringing  the  sohition  to  the  T(diiBM  of  MOO 
grains  of  wat^ ;  this  is  the  standard,  or  test  solTition.  100  grains  ot  the  fjwmiifiiiial 
atmplc  are  now  weighed  out,  difiised  through  water,  and  the  solution  of  solphate 
of  iion  added  in  the  slightest  possible  excess,  tn  erent  known  by  tfte  solntiaa  <»lriiig 
m  blue  colour  when  tested  with  pruasiate  of  potash.  By  dividing  the  quantity 
(measure)  of  sulphate  of  iron  employed,  by  100,  the  qnantity  of  trsilftble  ^lorise 
present  is  arrived  at.    On  the  large  scale,  Ueadiingupowder  is  prepared  by  geaenting 
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chloiiae  ia  a  knden  flUll^  to  which  nsx  apparatus  for  Btirring,    wkiiout  adnittmg 
atmospberie  ak ,  is  attaohod. 

The  best  samples  of  commercial  blcaching-powder  contain  about  30  per  eeiBt.  of 
chloriiie. 

Oaki$m  ufiih  ^SH/pAtr.-^Sulphates  or  solphureis  of  oaLcium.  Of  those  bodies  thfiiie 
are  MTerol,  but  Bone  ere  of  any  gveat  importance. 

Caieimniffith  CUoryte^^ChXonde  of  ealcium.  There  is  only  oxwe  Jniown  oompoond 
of  clUeriiie  irilh  oalciiimt  amd  st  ia  of  greet  importance,  both  as  a  laboieliorf  afent,  asd 
in  eevenEl  arte  and  mamifietNLres. 

HypmraUtm.'^WbisaL  hydflochlorie  acid  is  saturated  with  linei  hjdrate  of  lime,  or 
carbonate  of  lime,  and  the  mixture  eyaporatcd  to  the  necessary  eaGtenf^  erystele  aro 
dropoeited  having  the  foUewin^  lonnular-OaCl-|-^HO.  They  swy  be  regarded  as 
lijdixxdiIoi%1ie  of  lime,  er  chloride  of  caleium,  aoc(»dixig  to  the  Uieory  of  their  eoaetilii- 
tion  adopted.  By  fusing  these  crystals  in  an  iron,  or  still  better  a  platinum.Tesa^  eU 
iih»  water  is  esi>^led,  and  a  £ased  residue  rf^waiiws  which  ean  bo  no  otiior  thaaehkride 
eff  4)al«iiini.  If  the  crystaUi^ed  «alt  be  heated  mezyely  te  400''  Fah^  a  porooe  meee 
ismfMUB  eoBteiiiing  only  two  atoms  of  water.  In  thia  staler  aa  well  as  vendered  oon/- 
fletelf  anhydroua  b^  £asioii,  ehioride  of  calcium  is  of  eztensiye  ap§ykioation  in  the 
laborsitary  ae  an  agevt  foj  Moomplishiag  the  abs(»ptimi  of  water.  CiystaUized  ehlo« 
ri4e  «f  ^MdciiMi  develepe  a  low  {^effcee  of  temperature  during  tho  act  of  solution  in 
waier^  end  for  this  reason  frequency  ent^ s  into  the  eompoMtion  of  freesing  suzlturee. 
Chloride  of  calcium  readily  disselyes  in  aleohol,  and  when  Uie  alc(^lio  solutioa  m 
OTaporated,  cryetaU  deposit,  holding  »  portiwi,  at  present  unknown,  of  aloohol  in  ^eir 
omnpoeitiGn* 

Caleitm  wUh  JFltmitu  (Fluonde  of  Caleium}.— Thia  is  the  well  known  ilnor,  or 
Derbyshire  spar,  so  called  on  account  of  the  property  whtoh  it  has  ef  increaiing  the 
fusibility  of  manj  other  mineral  substanees  when  heated  in  admixtvce  with  them. 

.  General  eharaeUriatic  distinctions  of  Calcium  compounds. — The  solutions  are  not  pre- 
(%itated  by  ammonia,  but  are  readily  precipitated  by  alValine  carbonate.  They  impart 
ft  tawny  orange  tinge  to  flame. 

When  diluted  considerably  they  no  longer  afford  a  precipitate  with  sulphuric  acid, 
and  soluble  sulphates. 

Aey  yl^d  a  whits  ^Moipitate  with  oxaHo  acid,  and  ozflHato  of  anunonia,  nearly 
iaeetiiMe  in  water,  end  in  as  excess  of  oxalic  actd.  Oxalie  aeid  and  oxalate  of  ammo* 
■la«Hiy  be  s>egarded  ae  the  chief  separative  agents  for  Hme  out  of  tiie  varkms  eaSeauin 
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Pnpmratien^^Bj  deeomponng  anhydrous  chloride  of  magneedum  with  ]Mitaesiani 
«r  andiiiw  The  deoomposition  may  be  eflbcted  in  a  phdumm  cramble  having  tta  lid 
tied  firmly  down*    A  red  heat  ia  required. 

i^titpatiim.—A  white  metal,  eomething  kke  ailver  in  a^earanoe,  not  peroefCibly 
aarfdifad  by  oqUI«  but  xapidly  by  boiling  water. 

Magnesium  and  Oxygen.  Oxide  of  Kagnesinm  (Magnesia).*— This  is  t^  onlycom- 
pooDd  oi  fKcy^gai  and  magnesium  known.  It  results  whenerer  magnesium  beeomes 
trfi^f*^!  but  is  pveinred  in  practise  by  ealraning  native  carbonate  of  magneaiay  also  by 
exposing  nitrate  of  magnesia  to  an  elevated  temperature. 

J*r»periUs,^Ji  white  powder  infusible  in  the  highest  tonaoe  heat,  more  inaohibic 
tium  lime  in.  water,  and  manifesting  a  distinct  alkaline  reaction  on  test-papers. 
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Magnesia  with  Sulphuric  Acid  (Sulphate  of  Magnesia). — ^This  ia  the  well  known 
Epsom  salt,  so  called  from  being  a  constituent  of  water  drawn  fix>m  a  spring  in  that 
locality. 

Preparation. — ^Directly  by  saturating  dilute  sulphuric  acid  with  magnesia,  its  car- 
bonate, or  the  hydrate  of  its  carbonate ;  also  by  treating  magnesian  lime-stone  with 
sulphuric  acid,  tiie  difference  between  the  solubilities  of  sulphate  of  lime  and  sulphate 
of  magnesia  constituting  an  easy  means  of  effecting  the  separation  of  one  from  the 
other ;  indirectly  from  the  sea- water,  from  which  common  salt  has  been  deposited. 

Sulphate  of  magnesia  forms  prismatic  crystals,  the  composition  of  which  is  repre- 
sented by  the  formula  Mg  0^  SO3  -(-12  HO.  It  combines  with  alkaline  sulphates 
forming  double  salts. 

Nitrate  of  Magnesia,— ^aj  be  found  by  the  direct  process.  It  is  an  exceedingly 
deb'quescent  salt,  completely  decomposed  at  a  red  heat,  pure  magnesia  in  a  dense  form 
remaining. 

Carbonate  of  Magnesia. — Large  quantities  of  this  material  are  found  in  nature,  both 
pure,  and  as  a  constituent  of  Dolomite  (magnesian  lime-stone).  For  the  most  part 
pure  native  carbonate  of  magnesia  is  amorphous,  but  crystalline  specimens  exist  A 
so-called  carbonate  of  magnesia  is  produced  artificially  by  decomposing  solutions  of 
sulphate  of  magnesia  by  the  addition  of  an  alkaline  carbonate.  The  white  ^gelatinous 
substance  deposited  is,  however,  not  pure  carbonate  of  magnesia,  but  tiiat  substance 
mixed  with  variable  portions  of  hydrate  of  magnesia.  Carbonate  of  magnesia,  like 
carbonate  of  lime,  is  soluble  in  excess  of  carbonic  acid. 

Phosphates  of  Magnesia. — ^There  aro  numerous  phosphates  of  magnesia,  most  of 
which  have  been  imperfectly  studied.  They  are  all  inferior  in  interest  to  the  double 
phosphates  of  ammonia  and  magnesia,  two  of  which  have  been  individualized. 

The  first  has  a  composition  of 

[•2(NH3,  HO)  +  H0]P05  +  (2MgO  -f  H0)P05  -f-  6H0, 
and  may  be  formed  by  the  addition  of  a  solution  of  ammonia  in  ordinary  phosphoric 
acid  to  a  hot  solution  of  sulphate  of  magnesia.    The  second,  having  Hie  following 
composition,  is  of  most  importance : — 

NH,  HO  +  2MgO)P05  +  6H0. 

It  may  be  generated  by  adding,  firstly,  solution  of  sal  ammoniac,  then  ^mtn/^nift^  to 
a  solution  of  sulphate  of  magnesia.  The  salt  which  deposits  is  com^detely  insolubls 
in  the  generating  fluids,  and  hence  affords  a  ready  means  of  separating  magnesia  from 
other  bodies  in  analytical  researches.  The  precipitate,  however,  is  somewhat  soluble 
in  water,  for  which  reason  the  filter  containing  it  must  be  washed  with  the  smallest 
practical  quantity  of  that  liquid,  or  still  better,  with  a  solution  of  sal  ammoniac,  in 
which  the  precipitate  is  insoluble.  This  double  phosphate  of  magpiesia  and  amm(mia 
is  occasionally  found  as  the  constituent  of  certain  human  urinary  calculi. 

Siiieaies  of  Magnesia. — ^Various  silicates  of  magpiesia  occur  naturally.  Meerschaum, 
talc,  and  serpentine  are  familiar  examples.  Magnesian  minerals  are  characterised  by 
giving  the  impression  of  soapiness  when  touched. 

Magnesium  and  Chlorine. — Chloride  of  Magnesium.  Only  one  compound  of  these 
elements  is  known.  It  derives  a  certain  interest  as  being  the  material  employed  for 
the  production  of  magnesium. 

Preparation. — ^When  magnesia,  its  carbonate,  or  its  hydrate,  is  added  to  hydro- 
chloric acid  until  saturation  of  the  latter  has  been  effected,  and  the  resulting  solution 
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is  carefully  evaporated,  a  crystalline  mass  results,  which  is  analogous,  in  its  general 
nature,  to  crystallized  chlorine  of  calcium.  Theoretically,  we  might  infer  that  the 
crystals  in  question  should  yield,  when  heated  to  the  required  extent,  anhydrous  chlo- 
ride of  magnesium — practically,  however,  the  latter  body  cannot  be  obtained  in  this 
manner;  it  suffers  decomposition,  evolves  hydrochloric  acid,  and  leaves  magnesia. 
Chloride  of  magnesium,  however,  may  be  obtained  pure  and  anhydrous  in  the  follow- 
ing manner :— Add  sal  ammoniac  to  a  concentrated  solution  of  magnesia  in  hydro- 
chloric acid,  and  evaporate  the  mixture  to  dryness.  Place  the  dried  result  in  a 
platinum  crucible,  and  heat  the  latter  to  redness.  The  fixed  and  fused  result  is  pure 
chloride  of  magnesium. 


General  Charaeteriatiea  distinctive  of  Magneeicm  Solutions, — ^They  yield  a  white, 
gelatinous  precipitate,  with  alkaline  carbonates. 

They  yield  a  white  precipitate  with  ammonia  in  solution,  perfectly  neutral,  and 
free  from  ammoniacal  salts.  If  the  latter  be  present,  however,  precipitation  of  ammonia 
does  not  occur. 

They  yield  a  precipitate  with  lime-water. 

They  do  not  yield  a  precipitate  with  sulphuric  acid,  or  sulphates,  except  their 
solutions  be  exceedingly  strong. 

Evaporated  to  dryness,  the  residue,  moistened  with  nitrate  of  cobalt,  and  heated  in 
a  Uowpipe  flame,  a  rose-coloured  tinge  is  produced. 


ALUMINIUM. 


Equivalent  or  atomic  weight 
Specific  gravity  . 


13-7 
2-6 


This  metal  is  an  extensive  constituent  of  the  inorganic  world.  It  enters  largely 
into  clays  and  marls,  and  few  rocks,  understanding  that  term  in  the  geological  sense) 
are  without  it. 

JEV^mration, — Aluminium  may  be  prepared  by  decomposing  chloride  of  aluminium 
by  means  of  potassium  or  sodium,  and  washing  away  the  resulting  alkaline  chloride 
with  water ;  in  which  liquid  aluminium  is  unalterable  at  any  temperature. 

Until  lately  aluminium  had  only  been  prepared  in  small  quantities,  and  was  but 
HtUe  studied ;  within  the  last  year,  however,  a  process  for  manufacturing  it  on  the 
large  scale  has  been  instituted,  under  the  auspices  of  the  Emperor  of  the  French,  by 
M.  St.  Claire  Deville.    Several  bars  of  aluminium  have  now  been  produced,  and  some 
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notions  fSormerlj  cntcitained  respeoting  it  have  been  discovered  erroneous.  For 
example,  the  impression  was  ibrmeily  entertained  that  alamininni  eould  soaroely'  he 
fiised  by  the  strongest  fumaeo  heats,  whereas  it  is  now  found  to  melt  with  almost  the 
facility  of  silver.  Formerly,  too,  it  was  believed  that  aluminiom  would  tamiiii  by 
exposure  to  watery  vapour  and  general  atmospherie  influenoee ;  that  notion,  too,  has 
been  found  inconreot. 

Tha  metiiod  of  producing  aluminium  by  M.  St.  Olaire  Deville  is  essentially  tke 
method  formerly  known — namely,  by  the  action  of  sodium  on  efaloride  of  alumiunm. 
Potaasium  would  have  equally  answered  the  purpose,  as  we  have  seen,  had  oonsidnv 
ntions  of  economy  not  interfered  with  its  extensive  application*  Hitherto  bo  raeAod 
has  been  devised  for  materially  lessening  the  cost  of  the  production  of  potassium ; 
sodium  is,  however,  now  procurable  at  Paris  for  about  ten  shillings  per  lb,  avoirdupoig. 
It  is  generated,  in  point  of  fact,  with  scarcely  greater  difficulty  than  zinc.  It  is 
owing  to  the  extreme  cheapness  ol  aoduim  more  than  any  other  veaeon  that  M.  St. 
Claire  Dcville  has  been  enaUad  tft  itHafn  ihBrim'nm  in  comparatively  large  quantities, 
for  his  actual  process  of  MflsniSifliiire  frnnhr^g  no  new  principle.  He  at  present 
employs  iron  tubes  !n  which  lo  «Aet  tk$  JiSHopoaltion  9f  chloride  of  aluminium  by 
sodium ;  but  liiis  is  a  contijfif  <i  which  ktliforms  ui  leM«f  BomtAiag  to  be  desired. 
Chloride  of  almlnium  employed  in  1^  ynceas  of  alusiiilum  MflMBbcture  will  be 
described  ISurtliflr  on. 


*  ALncnmnf  wim  oumkkn    ojuui*  4W  AimoMTOM  ok  ajli 

The  only  known  compound  of  aluminium  with  oxygen  is  alumina. 

Prtpmr&Hmt, — (1).  By  the  addition  of  oaxbonats  of  amiAonia  to  akim, 

(2).  By  strongly  heating  ammoniacal  alnoa. 

Jhropmrius.'^JL  wfaito  powder,  insdubls  in  water,  «aaly  dissolved  by  a  flol«tio&  of 
potash,  floda,  strontia,  or  baryta,  except  it  have  been  heated  to  Tednoaa,  wiiMi  iti 
solubility  in  these  agents  is  destroyed.  Ammonia  dissolves  it  also  tor  m  trfAag 
extent.  It  is  soluble  also  in  acids  to  a  lavge  extent,  if  it  kas  been  seoantty  tinown 
down,  but  slightly  if  it  has  been  conaolidated  by  heating.  Alumina,  oolonrei  with 
various  calcigenous  metallic  bodies,  is  found  crystalline  im  natope,  fonasng'  bf  ultfiil 
gems,  of  whieh  the  ruby  aad  the  sapphize  may  be  eited  as  examiples. 

Considerable  difference  of  opinion  has  existed  araoBgtt  chemista  as  to  the  fltomss 
constitution  of  alumina.  Being  the  only  known  compound  of  aluminium  and  oxygen 
it  might  be  inferred  to  contain  a  single  atom  of  each.  This  assumption  is,  however, 
not  believed  to  accord  with  the  truth.  Alumina  is  con^d^red  to  be  a  compound 
of  AI2O3.    The  percentage  composition  of  alumina  is  as  £»11qws  :*— 

Aluminium 53*27 

Oxygen      .        .  ....  .        .    '46'78 

cgooxiHB  Ajup  AJAjjAunmL — ^asLuomim  of  Jkjuauafmnu 
Alumina  readily  dissolves  in  hydroehloric  acid ;  but  eidoiide  ef  mhmcxSmm  maeatA 

be  obtained  by  evapocating  the  solatioa  to  drynsas.    THMn  thus  treated,  a  aimilar 

deoompoaition  takes  pbee  to  tiuufc  already  deeeribed  imder  the  head  of  *f*^i-y^  of 

magnesium. 

Frtp^raiitm, — FMsUy  preetpitated  rinmina  is  intimateiy  arixtd  with  aoaea  ki|^ 

earbonaoeons  substance,  siuh  as  charcoal  powder,  Bugar,  tar,  ka^  saad  the  -whole  msis 
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into  a  paste  with  oil,  if  it  have  not  the  necessary  consistence  without.  The  mixture 
is  aezt  fonned  into  pellets,  which  are  to  he  dried,  and  strongly  calcined  in  a  cmoible. 
These  pellets  being  thrust  into  a  porcelain  tube  run  through  a  lighted  fomace,  and 
dried  chlorine  gas  transmitted,  chloride  of  aluminium  passes  oyer,  and  may  be  con- 
dmsed  into  a  crystalline  mass  by  applying  cold  externally  to  the  reeeiyer. 

ProperttH. — A  straw'>oolourcd  body,  solid  and  crystalline  at  ordinary  tempera- 
tures ;  yery  prone  to  combine  with  water,  from  which,  when  once  united,  it  cannot  be 
separated  by  any  known  means. 

AilTMINA  AND  fiULPHUEXO  ACID  (SULPHATB  OP  ALUMINA). 

Preparation. — By  saturating  dilute  sulphuric  acid  with  fkeahly-precipitated  hydrate 
of  alumina  (alumina  plus  water),  and  eyaporating  the  solution. 

Pfvp«r/tV«.~^CrystaUus68  with  difficulty  in  thin  plates ;  soluble  in  twice  its  weight 
of  water  at  60**  Fah.  It  affects  litmus  paper  like  an  aoid,  and  possesses  a  sweet  and 
somewkat  astringent  taste.  By  a  red  heat  it  ib  decomposed,  alumina  being  left.  The 
almnina  thus  generated,  howey^r,  is  liable  to  be  contaminated  with  a  small  portion  of 
sulphuric  acid. 

Periiaps  the  most  remarkable,  and  certainly  the  most  important,  property  of  sul- 
phate of  sdumina  is  its  tendency  to  unite  with  a  second  sulphate,  and  generate  for  ea^ 
secondary  combination  a  double  salt.  For  example,  there  is  a  compound  of  sulphate 
of  ahimiaa  and  sulphate  of  potai^ ;  another  compound  of  sul^iate  of  alumina  and 
sulphate  of  soda ;  a  third  of  sulphate  of  alumina  and  sulphate  of  iron ;  a  iburth  of 
sulphate  of  alumina  and  sulphate  of  ammonia.  To  all  the  double  sulphates  in  question 
the  generic  name  of  alum  is  applied.  In  this  way  we  haye  potash  alum  (which  is  the 
salt  commonly  termed  alum),  soda  alum,  iron  alum,  ammonia  alum,  and  some  others. 
The  atomic  constitution  of  potash  alum  is  as  follows  : — 

ALj  O3,  3S0^  +  KO,  SO3  +  24HO. 
It  is  a  salt  of  great  importance  in  the  arts,  and  is  extensiyely  manufactured  on  a  yery 
l»rg9  0cale.  The  raw  material  employed  in  the  alum  manufacture  is  alum  state,  or 
ahtm  dojf,  as  it  is  sometimes  termed.  Alum  slate  is  a  compound  or  mixture  of  alumina, 
BiUca,  and  hisulphuret  of  iron.  This  being  roasted,  and  exposed  to  air  and  moisture,  it 
speedily  disintegrates  into  powder.  By  this  treatment  the  hisulphuret  of  iron  becomes 
trfmaformed  into  the  monosulphate  of  that  metel,  and  the  alumina  into  sulphate  of 
alomina.  The  solution  being  concentrated,  chloride  of  potassium  is  added ;  by  which 
tiaeatment  protochloride  of  iron  and  sulphate  of  potash,  result*  The  latter  combining 
witii  sulphate  of  alumina,  alum  is  generated  in  a  solutbn  of  protochloridejof  iron* 
Tha  latter  mfiterial  is  yery  soluble,  and  does  not  crystallize  readily ;  whereas  alum 
can  be  crystallized  by  cyaporation  without  difficulty.  Hence  this  substance  may  be 
6^d  fxx>m  the  solution  of  chloride  of  iron  by  taking  adyantege  of  the  property  in 
question.  In  order  to  be  pure^  howeyer,  it  requires  to  foe  redissolyed  and  reerystallized, 
once  at  least,  if  not  twice  or  more.  For  many  purposes  to  which  alum  is  applied  in 
the  arte,  the  presence  of  iron  would  be  a  disadyantage.  Homan  alum,  generated  by 
the  natural  decomposition  of  felspar,  is  celebrated  for  its  complete  freedom  from  iron,  a 
quality  which  used  to  render  it  yaluable ;  but  since  improyed  methods  of  chemical 
treatniient  haye  been  adopted,  alum  prepared  by  artificial  processes  is  turned  out 
remarkably  pure. 

Potash  alum  crystallizes  in  forms,  usually  octohcdral,  belonging  to  the  tessular  or 
cubic  system  of  Weiss  and  Mohs.    It  has  a  peculiar  astringent  taste,  and  manifeste  an 
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acid  reaction  on  test-paper.  It  is  soluble  in  its  own  weight  of  boiling  water,  and  in 
18  parts  of  water  at  60°  Fah.  Burnt  alum  is  the  result  of  heating  potash  alum  until  all 
its  water  has  been  expelled.  Exposed  to  a  still  higher  temperature,  sulphuric  acid  is 
evolyed  and  the  salt  is  decomposed. 

Soda  cUum  may  be  prepared  like  potash  alum,  by  substituting  chloride  of  sodium  for 
chloride  of  potassium  in  the  process  of  manufacture.  It  resembles  potash  ^alum  in 
crystalline  figure,  taste,  and  general  properties. 

Ammonia  alum  is  very  similar  to  potash  alum  in  all  its  physical  and  many  of  its 
chemical  qualities.  When  strongly  heated  it  is  decomposed,  the  sole  fixed  result  being 
alumina,  if  the  operation  have  been  conducted  with  adequate  care.  It  is  liable,  how- 
ever, to  retain  a  little  sulphuric  acid ;  and  for  this  reason  the  alumina  resulting  from 
this  mode  of  treatment  cannot  be  relied  upon  for  extreme  purity. 

Distinctive  characteristics  of  Aluminium  Compounds  in  Solution, — ^They  all  yield  a 
precipitate  with  ammonia.     Solutions  of  caustic  potash  and  soda  yield  a  precipitate 
soluble  in  excess  of  the  precipitating  agent.    They  are  precipitated  by  lime-water,  also  ! 
by  alkaline  carbonates— not,  however,  as  carbonate  of  alumina,  but  as  the  hydrate  of  j 
that  earth,  also  by  alkaline  hydrosulphates.  I 

Mixed  with  nitrate  of  cobalt,  and  heated  in  the  blow-pipe  jet,  a  blue  colour  is  | 
developed. 

GLUCINT7M  OB,  OLUCINIUM,   THORIUM,   ZIBOONIUIf,   TTTBIUM,   ESBIUM,   AND   TBBBIUM, 
CESIUM,   LANTHANIUM,   AND  DIDYMIUM. 

These  metals  are  so  exceedingly  rare,  and  so  seldom  enter  into  the  ordinary  routine 
of  chemical  inquiries  that  an  elaborate  description  of  them  is  unnecessary  here.  They 
constitute  the  respective  metallic  radicles  of  oxides  which  are  earths,  and  are  designated 
by  changing  the  final  um  of  the  respective  metals  into  a.  Like  aluminium  and  mag- 
nesium, the  respective  chlorides  of  the  metals  in  question,  yield  up  their  chlorine  when 
treated  in  close  vessels  with  potassium  or  sodium.  The  oxide  of  glucinixim,  or 
glucina,  exists  naturally  in  several  minerals,  chiefly  varieties  of  the  emerald,  which 
substance  may  be  regarded  as  a  double  silicate  of  alumina  and  glucina.  Glucina 
resembles  alumina  in  its  general  properties,  but  it  differs  from  that  earth  by  its  capa- 
bility of  dissolving  in  solution  of  carbonate  of  ammonia,  also  by  the  sweetish  taste 
possessed  by  its  soluble  compounds;  hence  the  terms  glucinium  and  glucina^  from 
7XVKVS,  sweet.  Glucina  does  not,  like  alumina,  form  alums,  nor  does  it  yield  a  blue 
colour  when  mixed  with  nitrate  of  cobalt,  and  heated  in  the  blow-pipe  flame.  Zirconia 
{oxide  of  zirconium)  derives  its  name  from  the  mineral  termed  zircon ;  it  is  a  silicate  of 
zirconia,  2Zr2  O3,  Si  O3  generally  mixed  with  small  amounts  of  oxide  of  iron.  Zir- 
conia is  precipitated  by  caustic  fixQd  alkalies,  but  docs  not  dissolve  in  an  excess  of  the 
precipitant, — a  characteristic  by  which  it  may  be  distinguished  from  alumina  and 
glucina.  Tkorina  (oxide  of  thorium)  was  discovered  by  Berzelius.  Only  two 
minerals,  t?torite  and.  pgrocMorCy  both  very  rare,  are  known  to  contain  it.  Thorina  is 
perhaps  the  heaviest  compound  in  nature,  with  the  exception  of  metallic  alloys— its 
specific  gravity  being  no  less  than  9*4.  Its  sulphate  has  the  rare  quality  of  being  more 
soluble  in  cold  than  in  boiling  water.  Tttriumy  erbium^  and  terbium  are  found  respee- 
tively  in  the  three  rare  minerals  gadolonitCy  athitCf  and  yttrotantalite.  Cerium^  Umtha- 
nium,  and  didgmium  are  found  associated  in  several  minerals,  but  most  especially  in  the 
mineral  known  as  cerite. 
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CBKAMIO  WARE— POTTERT  AND  FO&CBLAIN. 

HaYing  diBCUBsed  tlie  properties  of  kaUgenous  and  terrigenous  metals,  it  is  now 
time  to  enter  upon  the  consideration  of  the  series  of  remarkable  compounds,  or  rather 
a  mixture  of  the  compounds,  which  in  the  aggregate  form  the  yarious  descriptions  of 
ceramic  or  potters'  ware.  The  term  ceramic,  in  its  generic  sense,  applies  to  the  materials 
of  the  potter's  art;  it  has  reference  to  compounds  of  yery  Afferent  yalue,  from  the 
low-priced  brick  to  the  costiy  productions  of  S^yres,  Dresden,^  China,  and  Japan. 

General  Remarks, — ^Few  nations,  whether  sayage  or  ciyilized,  haye  been  without 
some  kinds  of  ceramic  ware.  Vessels  of  this  material  are  found  in  the  islands  of  the 
South  Sea :  they  were  manufactured  by  the  ancient  Aztecs.  The  ancient  Greeks  and 
Bomans  brought  the  manufacture  to  a  high  degree  of  excellence,  though  they  neyer 
appear  to  haye  progressed  so  far  as  the  Assyrians  and  Babylonians.  The  manufacture, 
howeyer,  of  the  greatest  triumph  of  ceramic  art,  poreetam,  was,  until  late  times,  a  secret 
known  only  to  the  inhabitants  of  China  and  Japan.  Much  difiEerence  of  opinion  still 
exists  as  to  whether  specimens  of  real  porcelain  were  eyer  seen  by  the  ancient  Greeks 
and  Romans.  Some  authors  maintain  the  affirmatiye,  and  belieye  that  the  so  called 
Murrhine  Vases,  concerning  which  we  read  in  Roman  authors,  were  nothing  else  than 
specimens  of  real  Oriental  porcelain.  I  am  disposed,  howeyer,  to  think,  taking  all  the 
circumstances  of  the  case  into  consideration,  that  they  were  not  of  porcelain,  and  that 
the  opinion  of  Dr.  Thompson,  who  assumes  them  to  haye  been  yases  of  Derbyshire  spar, 
was  correct.  In  a  manual  of  non-applied  chemistry,  such  as  this,  no  detailed  accoimt  of 
the  numerous  yarieties  of  ceramic  ware  can  be  offered.  The  following  general  principles 
will,  howeyer,  giye  the  reader  an  insight  into  the  nature  of  these  productions. 

Alumina  is  amongst  the  most  infusible  of  compounds,  but  when  combined  with 
sOica  (silicic  acid),  as  we  find  it  in  clay,  and  more  especially  when  combined  with 
oxide  of  iron,  and  of  other  calcigenous  metals,  or  with  the  fixed  alkalies— its  degree  of 
foiribiLity  is  increased.  Hence  clays  naturally  existing  are  more  or  less  refractory 
in  the  fire,  the  degree  of  their  refractoriness  being  in  proportion  as  the  total  amoimt  of 
alumina  predominates.  By  taking  adyantage,  then,  of  this  circiunstance,  the  ceramic 
manufacturer  has  it  in  his  power  to  produce  fictile  materials  which  shall  be  capable 
of  almost  any  degree  of  igneous  agglomeration  up  to  the  point  of  complete  fusion ; 
when  the  result  ceases  to  be  pottery  in  any  sense,  and  becomes  glass. 

Now,  pure  alumina,  or  a  mixture  of  alumina  with  sUica,  or  of  these  with  the  fixed 
alkalies,  may  be  exposed  to  any  degree  of  heat  without  suffering  any  diminution  of 
their  whiteness ;  but  if  oxide  of  iron  should  happen  to  be  present,  as  is  usually  the 
case  in  most  natural  clays,  the  result  will  be  coloured  more  or  less  red,  as  we  find  ui 
bricks  and  tUes.  It  follows,  therefore,  that  white  ceramic  ware  only  admits  of  being 
prepared  by  one  of  two  methods  :  either  by  utilizing  materials  naturally  existing,  or 
by  forming  these  materials  artificially.  The  latter  case  inyolyes  a  somewhat  adyanced 
acquaintance  with  chemical  principles,  hence  the  manufacture  of  white  ceramic  ware 
was  long  confined  to  priyileged  localities,  and  the  best  description  of  white  ceramic 
ware  (real  porcelain)  was  long  a  monopoly  of  China  and  Japan. 

Coloured  Ceramic  ware. — Familiar  examples  of  these  are  seen  in  our  modem  bricks 
and  tiles,  but  it  was  brought  to  the  highest  degree  of  perfection  by  the  Greeks  anterior 
to  the  time  of  Alexander  the  Great ;  also  by  the  Etruscans.  The  latter  people  chiefly 
excelled  in  the  manufacture  of  cofi^  made  of  this  material,  and  the  Samian  Greeks 
in  the  manufacture  of  yases. 
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Ancient  classic  yases  are  of  two  kinds — plain  and  ornamented.  Of  the  latter, 
again,  there  are  two  distinct  varieties — red  ornamentation  on  hlack  ground,  and  hlack 
ornamentation  on  red  ground.  Both  rarieties  of  omanMfxtal  tasM  were  maidh  prized, 
and  seem  to  hare  heen  only  employed  forrefigioiur  tues.  Theif  nftxrafiKftore  htd 
arriyed  at  its  highest  degree  of  excellence  at  a  period  anterior  to  the  stray  of  Mmaeaikr 
the  Great.  This  conqueror  was  the  first  to  xntroduee  into  Qreeoe  the  gold  and  rflyer 
yessels,  which  diminished  the  valne  of  ornamental  ceitcmie  yases,  and  catMMd  tiieir 
manufifictmre  to  languish,  and  eyentually  to  be  discontinued.  In  the  time  at  Amgastas 
they  had  already  hegun  to  be  spoken  of  as  ancient  vases,  to  be  sought  in  tombs  and 
treasured  m  museums,  just  as  modems  do  now. 

fFhite  (kramie  ware. — It  is  a  subject  of  deep  negnt  that  the  dassie  aatioiis  ware 
limited  in  their  ceramic  productions  by  the  natnro  of  the  material  at  their  Aposd. 
They  had  only  clays  which  would  burp  red ;  therefore,  when  they  had  fSttfaioned  tiMto 
into  elegant  forms,  and  painted  these  with  black  figures,  their  rexmrees  of  oeramfe  oma- 
mentation  were  exhausted.  Two  practical  means  of  surmounting  this  difBcnlty  ife 
alone  possible, — either  coloured  ceramic  ware  must  be  overlaid  with  a  whit«  opttftte 
varnish,  or  enamel,  or  the  body  of  the  material  must  be  white  ;  neither  resonroe  was 
possible  to  the  ancient  Greeks  and  Eomans,  though,  as  wiD  appear  in  Um  sequel, 
the  former  expedient  was  known  to  the  Assyrians  and  Babylonians.  Objection  nay  he 
taken  to  the  classification  of  red  pottery,  white^enamelled,  with  white  eenmie  wut ; 
nevertheless,  for  convenience  ot  general  classification,  that  scheme  may  be  adopted. 

Red  Pottery  ithite-enameffed  (MafoluMt  fcar/j.-^Tht  term  xoajolica  is  derived  ftOBi 
Majorca,  the  locality  in  which  the  variety  of  pottery  tmder  eonsidemtiOA  vrm  flift 
established  by  the  Spanish  Saracens,  amongst  whom  it  was  bttmght  to  a  high  d0gi«e 
of  excellence ;  subsequently  the  same  kind  of  material  was  mannfiMtai^d  in  Italy,  and 
some  of  the  greatest  Italian  artists  were  employed  in  embdHshing  H  -with  ^ifar 
designs.  Italian  majolica,  however,  is  not  valued  so  highly  amongst  dealers  as  tfie 
real  Moorish  majolica.  The  principle  on  which  the  coxiStruction  d  majdica  WttS  h 
ba^ed  is  simply  this  : — common  red  pottery  being  nnadapfed  to  give  efhfSt  to  ehio- 
matic  ornamentation,  its  surface  is  covered  with  an  opaque  enamel,  ehisfiy  tfoayossd 
ot  oxide  of  tin,  which  totally  conceals  the  underlying  material,  and  gives  the  peintCBr 
fhll  scope  for  his  designs.  Of  this  kind  are  the  ttutlefos  or  colomvd  tilesi,  fovnd  In  the 
Alhambra,  and  other  Moorish  constructions.  It  is  commonly  tiicm^U  llurt  the 
Saracens  invented  this  beautif  ol  ware ;  but  the  recent  dUfcovery  of  a  tin-enameRed  tile, 
ornamented  with  paintings,  in  the  rains  of  Nineveh,  diminishes  the  probabili^  of  tin 
assumption.  It  is  by  no  means  unlikely  that  the  secret  lingered  in  some  AiMc 
recess,  and  was  learned  by  the  Arabs  before  thrir  itrupticn  into  Europe. 

Toreetain. — Of  this  material  two  distinct  kinds  are  reoognised«-4iard  «nd  soft 
porcelain.  To  the  former  belong  the  white  ceramic  productions  of  China,  and  Japan, 
Dresden,  and  New  Sevres ;  to  the  latter  the  watvs  of  Old  Sdyres,  Macbid,  Chelsea, 
Bow,  and  some  other  localities.  The  distinction,  however,  is  more  arbitmoy  than  is 
commonly  imagined. 

We  have  already  seen  that  in  proportion  as  silica,  alkalies,  and  caleigenons  aoids 
enter  into  the  composition  of  pottery,  so  is  it  rendered  more  ftudble  and  move  soft. 
Theoretically,  therefore,  the  limits  between  hard  and  soft  porcelun  should  not  be  wA 
defined.  Practice  confirms  theory  in  this  respect.  The  white  ceramic  waree  of  Ohina 
and  Japan  have  been  considered  the  type  of  true  or  hard  poroehdn.  JfevertbiABn, 
M.  Ebelmcn  and  others  have  satisfactorily  demonstrated  that  it  is  less  haiM  than  the 
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prodii0tioii»  of  Sidtse*  At  tb«  porttent  time  i  in  .point  of  faety  tho  ChiacM  »dd  portiuits 
of  potatk  to  tfaek  Mlieatod  pMt^  winch  Emoftoa  itaiiiifkctujreet  of  poroelam  cb  not. 
The  6ort  ol  palaih  onploycd  ibr  tkia  pufpoMi  amongpi^  the  Chinese  ia  fein  AahMi  The 
mfltevials  ,«Dtfloy€fd  h^  Ihe  ChiiMM  in  thtir  poroelain  tnamiAiokiire  ftrictly  oonfonn 
wiih  ^hamicwl  ie^«tfe»«ni«L  The  Alumi&dilt  staple  it  f mniahed  by  decompo0ed  fels^, 
•ttd  fo  called  by  the  xMntiTe*  kaolm ;  the  aU&ecMus  miterial  is  hnoim  by  them  aapehmae, 
TheBmideit,  or  }«th«lr  Jieiisen  i>0Me2am,  i«  iiandaetiuBed  from  a  bed  of  clay  natan^y 
ezletfaigf  which  Bet  da  no  8iliceo«>  adndKtujte. 

fi§fi  Pm'*0Mnj-^lkf&>tt  the  ehemicol  doxtititiition  of  haid  or  oiietttal  poroelaiii  was 
wukfatdady  atad  the  mtfteiiak  lor  aakhig  it  tm  £«rope  seAdered  arailabkii  vanons 
fictitiova  pastea  toolt  ita  plaoe^  They  diiered  in  their  oenstilation  m  diffisrent  loaini- 
fhaUiMi^  but  they  all  coaaisied  of  Hrhita  clay,  laiiaed  with  matedalt  hayini;  the 
ptopertj  of  ready  faaibiUty^  such  ac  powdered  gUsa,  borax,  oxide  of  lead,  &e.  By 
thia  adndstiixe  tiio  aataral  tenacity  of  ehiy»  rendenng-  it  lo  takzalde  to  tiie  potter, 
aaaUing  it  to  be  readily  turned  wet  on  the  wheol  a*d  AMulded  into  iormcy  waa  kat. 
Other  adtentiticva  raiztarea  were  rendered  Wessary^  mtth  aa  aiae,  soap,  &o.,  to 
kapari  the  neceaaary  teiMctty.  Ketwithatanding  all  thia  preparation)  yesaeb  of  soft 
pottnk»  couAd  not  be  cewplclely  finiahed  weC^  they  had  lo  bo  turned  dry,  and  thia 
waa  an  operation  yery  detrimental  to  the  workmens'  health.  This  manufacture  has 
BOW  diaappeared* 

iWiM»  or  Marthm^Mrt^^Tht  tarm  porcelain,  or  chinawarey  ia  nsnaUy  leafaicted  to 
the  iMtf.eria]  which  ia  aemi-^ranaparettt,  and  breaha  With  a  ociMhoidal  fracture.  Both 
hod  and  aeft  porcelain^  thoagh  diSSwent  as  to  dieaucal  oempoaition,  agree  in  this 
rcaiNWt ',  but  oiv  fikaffordahire  ware,  which  ia  uauveraaUy  idiaitted  to  bo  tho  finest 
deacnplkm  oif  earthoaware,  ia  epaquci  aikd  the  con^oidal  character  of  fracture  ia  in  it 
vaiDiting.  Tho  chief  peculiarity  of  thia  matemi  oonsiata  in  haTiag  a  portion  oi  bone- 
aarth  intimately  mixed  with  the  silieeoaa  and  aLiminoya  nmterialBy  properly  conati- 
ttiting  a  ceranoo  materiaL  The  preaeoeo  of  this  bone-earth  adda  to  the  quality  of 
whiteness,  and  produces  the  dna  amou»t  of  aemi-f  osibility*  Staffioidahire  ware  ia  not 
e^aal  in  beauty  to  porodaia,  either  hard  or  aoft,  bat  it  ia  laia  eagpenaive  than  cither, 
and  cosabinca  in  an  oHBduent  degree  the  ^ualitiea  of  beauty  and  utility  i  Mrvioea  of  it 
are  JkunSn^  better  Hmdl  any  other  eevaauo  matter,  adiq[>ted  to  our  ordinary  wanta, 
and  ooi  native  mannfacturera  aee  with  pnde  their  produetioiia  di^eraed  oyer  eyery 
part  of  the  known  wi^ld.  The  Afrioaa  negro  princea  obtain  Engliah  waah-basina  at 
tta  Immcnao  coat  and  riik,  by  carayan  trayelliBg  oyer  the  Sahara,  to  be  need  as  aoup- 
baaina}  and  the  iahadbitanta  of  iVanoo  and  Germany-^theyery  cradlea  of  the  European 
povcalaiB.  manufacturfr-^aeyer  think  their  eupboards  ^cfierly  f dmiahed  until  a  aerrice 
odT  IStnffi»rdahire  waana  ia  aecn  on  ita  ahdlyea. 

SSon€0itrt^-'Thii  material  haa  aUoy  like  the  preceding,  been  bvoaght  by  ua  to  a 
greater  degree  of  excellence  than  elsewhero.  Tho  aO'callod  Wedgewood  ware  ia  oi 
iUi  kiady  and  in  the  beat  of  ita  elasa. 

FarUm  Wiur4. — Thia  exceedingly  beautiliii  material,  mudi  employed  at  preacut  in 
the  mannlKture  of  statuettes,  yaaeay  and  breaklaat-aeBrvicea^  ia  a  ceramic  material, 
rendered  very  fn sible  by  admixture  of  borax. 

(?laaM|;,^Moat  kinda  of  pottery  are  now  glazed,  and  the  $^ing  material  ia  anbject 
to  variation.  Tho  chemical  principles  required  to  be  takeu  cognizance  of  in  theopera- 
taon  of  glazing  is  to  produce  a  ^azc  with  a  degree  of  fusibility  cornmenauxato  with 
that  of  tho  body  on  which  it  ia  laid,  and  which,  after  cooling,  shall  have  a  proper- 
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tionate  expansire  and  contractile  rate.  We  yery  often  see  the  g^axe  on  artieles  of 
crockery  ware  cracked  and  diaintegrating, — ^results  which  flow  tnm  a  Tioilatioin  of  the 
principles  indicated.  Hard  porcelain  being  the  most  infusible  yariety  of  eemnic  ware, 
the  glaze  adapted  for  it  should  have  the  same  quality.  Powdered  felspar^  a  native 
silicate  of  alumina,  and  potash,  is  that  which  answers  the  purpose  better  than  any 
other.  Soft  porcelain,  and  English  Staffordshire  ware,  howeyer,  will  not  stand  the 
necessary  degree  of  heat  to  cause  the  glaze  to  fuse,  hence  its  fnsibilitj  is  augmented 
by  the  addition  of  borax  and  oxide  of  lead.  In  proportion  as  the  two  latter  materialB 
predominate,  so  does  the  glaze  increase  in  fusibility,  and,  what  is  yery  disadyantageous, 
in  soMnlUy.  The  lead  glaze  of  common  earthenware  is  easily  removed  by  the  action 
of  both  acids  and  alkalies,  and  thus  becomes  a  source  of  insidious  lead  poisoning. 

The  Lambeth  stone  ware,  and  some  other  kinds  are  glazed  by  a  thin,  bat  hard  and 
totally  unobjectionable  yamish  of  silicate  of  soda.  Technically  this  is  known  by 
the  appellation  of  '*  salt  glaze,**  from  the  method  of  imparting  it,  which  is  as  follows  :— 
whilst  the  stoneware  is  yet  glowing  in  the  fomace,  a  door  is  opened,  and  common  salt 
(chloride  of  sodium)  is  thrown  in.  Silicic  acid,  at  elevated  temperatorea  decomposes 
chloride  of  sodium,  chlorine  being  evolved,  and  silicate  of  soda  formed.  This  result  is 
attributable  to  the  fixed  nature  of  silicic  acid  at  high  temperatures,  and  the  Tolatility 
of  chlorine. 

Coloured  Ornamentation  of  Ceramic  ware. — The  pigments  employed  in  this  operation 

are  necessarily  mineral.    Preparations  of  cobalt  furnish  us  with  blue,  copper  with 

I    greens  and  blacks,  manganese  with  black,  cobalt  with  pink,  iron  with  blad^  and  red, 

;    whilst  gold  and  platinum — ^rarely  silver— are  employed  to  impart  their  several  metallic 

i    lustres.    The  principles  involved  in  ceramic  ornamentation  by  pigments,  are  of  tiro 

t    kinds,  either  the  pigment  is  incorporated  with  the  original  material,  or  it  is  laid  on  by 

a  process  similar  to  that  of  enamelling.    In  the  production  of  porcelain  in  China  and 

Japan,  enamel,  or  mvffle  colours,  as  the  French  term  them,  are  scarcely  employed ;  but 

European  manufacturers,  aiming  as  they  do  at  a  higher  style  of  artistic  effect,  rely 

upon  the  muffle  for  all  their  delicate  gradations  of  colour. 

Glass. — This  material,  considered  in  a  technological  sense,  may  be  described  as  an 
alkaline  siUcate,  or  a  mixture  of  alkaline  with  earthy  silicates,  and  in  some  cases 
calcigeno-metallic-silicates,  fused  to  the  condition  of  pastiness,  and  allowed  to  consolidate. 
Glass  therefore,  chemically  considered,  bears  a  near  relation  to  ceramic  ware,  especially 
the  variety  known  as  soft  porcelain.  The  kinds  of  glass  employed  in  the  arts  and 
matiufactures  are  very  numerous ;  they  admit,  however,  of  division  into  the  three  kinds 
of  colourless  glass  without  lead ;  colourless  glass  with  lead  (termed  by  us  flint-glass,  bot 
crystal  by  the  French),  and  lastly,  the  various  varieties  of  coloured  glass.  As  glass  of 
these  three  divisions,  and  all  their  several  varieties,  is  composed  of  an  alkaline-silicate, 
or  silicates,  as  a  basis,  it  will  be  necessary  to  commence  our  description  of  glass  by  the 
consideration  of  this  class  of  chemical  bodies. 

Silicates  of  Alkalies, — Silicic  acid,  or  silica,  readily  combines  with  alkalies  when 
fused  with  them,  or  with  their  carbonates;  in  the  latter  case  carbonic  acid  being 
evolved.  Apparently  the  combination  takes  place  in  all  proportions ;  but  this  seeming 
infringement  of  the  laws  of  definite  combination,  may  be  explained  by  assuming  that 
a  limited  number  of  chemical  siUcates  results,  but  give  rise  to  the  idea  of  illimitability 
by  admixture  with  each  other. 

Whatever  be  the  ratio  in  which  silicic  acid  stands  to  the  alkali,  the  fused  results 
agree  in  certain  general  qualities.    They  are  all  transparent,  more  or  less ;  they  all, 
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when  heated,  sufficiently-  assume  the  condition  of  pastiness  before  that  of  perfect 
liquidity ;  they  all  break  with  a  conchoidal  fracture.  They  differ,  however,  so  greatly 
in  their  relative  degree  of  solubility  in  water  and  acids,  that  whilst  the  ordinary 
variety  of  glass  employed  seems  to  be  absolutely  insoluble  in  these  agents,  other  kinds 
of  glass  may  be  prepared  so  exceedingly  soluble  in  water  that  they  may  be  employed 
as  a  substitute  for  starch  in  imparting  stiffness  to  linen,  on  which  it  confers  the  quality 
of  incombustibility,  under  all  ordinary  circumstances  to  which  dresses  are  likely  to  be 
exposed. 

Soluble  glass  of  this  kind  may  be  prepared  by  carefully  incorporating  one  part  of 
silicic  acid  (powdered  silver-sand  answers  perfectly  well)  with  not  less  than  three  or 
four  parts  of  carbonate  of  potash  or  soda,  and  exposing  the  whole  to  a  strong  red  heat 
until  the  mixture  has  perfectly  fused  and  carbonic  acid  has  ceased  to  escape.  Glass  of 
this  kind  is  perfectly  soluble  in  water ;  but  on  adding  a  sufficient  quantity  of  almost 
any  acid,  the  silicic  acid  is  precipitated  in  a  gelatinous  condition.  The  generation  of 
varieties  of  this  soluble  glass  is  of  frequent  occurrence  in  the  laboratory  of  research, 
constituting,  as  it  does,  the  first  step  in  many  kinds  of  mineral  analysis. 

In  proportion  as  the  amount  of  alkali  is  made  to  decrease,  so  does  the  resulting 
glass  assume  the  condition  of  greater  insolubility ;  it  would  be  incorrect,  however,  to 
say  that  any  glass  is  absolutely  insoluble  in  water.  Powdered  glass  is  dissolved  to 
some  extent  in  water  of  ordinary  temperature,  and  glass  in  masses  can  be  dissolved  by 
exx>osing  it  to  the  prolonged  action  of  water  heated  under  pressure,  as  in  the  boiler  of  a 
high  pressure  steam>engine  for  example. 

The  most  valuable  quality  of  silicates  of  alkalies  considered  as  glass-making  mate- 
rials has  already  been  adverted  to ;  they  all,  before  entering  into  perfect  fusion,  assume 
the  condition  of  intermediate  pastiness  so  favourable  to  the  requisitions  of  the  glass- 
blawer.  This  quality  they  preserve  moreover  when  fused  with  other  silicates,  either 
of  the  terrigenous  or  the  calcigenous  class.  Considered  with  reference  to  the  kind  of 
alkali  employed,  glass  admits  of  division  into  soda  glass  and  potash  glass.  The  former 
is,  perhaps,  more  generally  eligible  for  all  common  purposes,  though  potash  glass  is 
less  subject  to  crack  on  exposure  to  mutations  of  heat  and  cold,  and  therefore  best 
adapted  for  chemical  purposes.    Bohemian  glass  is  of  this  kind. 

As  regards  the  various  manipulative  processes  for  fashioning  glass  into  shape,  a 
manual  of  this  kind  can  take  no  extended  cognizance  of  them.  They  will  be  discussed 
in  the  treatise  on  chemistry  applied  to  the  arts  and  manufactures.  It  must  suffice  to 
indicate  that  flat  glass  is  produced  either  by  one  of  two  varieties  of  glass-blowing,  or  by 
casting  on  a  highly  polished  bed  and  subsequently  grinding  its  surfaces  even. 

Common  window  glass  is  produced  by  the  two  first  operations,  whilst  plate  glass, 
employed  for  the  better  sorts  of  mirrors  and  for  the  glazing  of  high-priced  windows,  is 
produced  by  the  last.  Glass  vessels  are  either  produced  by  the  operations  of  blowing 
and  modelling,  or  blowing  and  moulding,  the  more  expensive  kinds  of  vessels  being 
formed  by  the  subsequent  operation  of  cutting  on  a  wheel. 

Practically  glass  is  never  made  for  technological  purposes  with  an  alkali  and  silica 
alone ;  certain  other  silicates  being  invariably  present.  The  silicates  of  lime,  magnesia, 
and  alumina,  mixed  or  severally,  diminish  the  fusibility  of  glass  without  adding  to  its 
colour ;  but  silicates  of  the  calcigenous  metals,  those  of  lead  and  a  few  others  excepted, 
all  have  the  property  of  imparting  colour  to  glass,  and  are  to  this  end  employed. 
Oxide  of  lead  being  mixed  with  the  materials  of  ordinary  white  glass  increases  their 
fusibility  and  adds  to  the  luminous  refrangibility,  and  accordingly  to  the  lustre  of  the 
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resulting  materials — Whence  the  appellation  erystaly  as  applied  to  glass  of  lids  kind  by 
the  French,  is  intelligible  enough,  whereas  our  expression,  flint  glass,  as  applied  to 
the  same,  is  altogetber  unmeaning.  Good  English  flint  glas?,  according  to  Faraday, 
is  composed  as  follows  :— 

Silica 51-93 

Potash 13-77 

Oxide  of  lead        ....        33-28 

98-98 

Coloured  Glasses. •^-Yaxious  processes  are  adopted  for  producing  this  beautiful 
material,  such  as  those  of  staining  enamelling  or  painting,  and  their  various  combina- 
tions. By  stained  glass  is  understood  the  material  coloured  throughout  by  the  incor- 
poration of  a  coloured  substance,  necessarily  metallic,  with  white  glass.  Glass 
enamelling,  or  painting,  inyolyes  the  laying  on  of  colours  with  a  brush,  and  subse- 
quently exposing  the  glass  thus  treated  to  the  heat  of  an  enamelling  furnace. 

Bed  colours  are  Imparted  to  gloss  by  means  of  preparations  of  copper  and  of  gold. 
Cobalt  yields  blues ;  manganese  oxide,  amethyst ;  preparations  of  arsenic  and  tin, 
dead  white ;  black  oxide  of  copper  yields  greens,  and  iron  compounds  greens  or  browns. 
Metallic  gold  and  platinum  are  sometimes  employed  to  impart  to  glass  their  charac- 
teristic lustres. 

Calcigenotis  Metals. — Hitherto  our  attention  has  been  deyoted  to  metals,  the  oxides 
of  which  are  alkalies  or  earths ;  we  now  enter  upon  the  consideration  of  metals,  the 
oxides  of  which  were  termed  by  ancient  chemists  calces^  and  which  arc,  tlieref(»:e, 
known  as  the  culcigenous  metals, 

MANGANESE.  1 

Equiyalont  or  atomic  weight 27-6 

Specific  gravity about    8  j 

Preparation. — Although  manganese  ores  aro  common,  the  metal  itself  is  merely 
produced  in  small  quantities  as  a  chemical  curiosity,  by  subjecting  a  mixture  of  oxide 
of  manganese  and  carbonaceous  matter  to  a  very  high  temperature  in  a  closed  crucible. 
Protoxide  of  manganese  is  first  generated  by  calcining  carbonate  of  manganese  in  a 
crucible.  The  resulting  protoxide  is  then  incorporated  with  one-tenth  its  weight  of 
charcoal  powder,  and  a  little  fused  borax.  This  mixture  is  rammed  into  a  crucible 
lined  with  charcofJ,  coyered,  and  exposed  to  the  highest  heat  of  a  smith's-  fiorge.  The 
result  is  not  pure  manganese,  but  a  carburet  of  that  metal,  standing,  therefore,  in  the 
snme  relation  to  manganese,  that  cast  does  to  wrought  iron.  Its  purificalion  may  be 
effected  by  mixing  it  with  carbonate  of  manganese,  and  heating  it  a  second  time  in  a 
well-coyered  porcelain  crucible,  enclosed  within  a  Hessian  or  Cornish  crucible. 

Proper<«*(M.— Something  like  iron  in  general  appearance,  but  more  brittle,  an«i 
somewhat  more  difficult  to  fuse.  Manganese  rapidly  tarnishes  by  exposure  to  air, 
crumbling  down  to  oxide.  It  decomposes  boiling  water  with  rapidity,  hydrogen  being 
eyolyed ;  and  can  only  be  preserved  for  long  periods  by  immersion  in  naphtha,  like 
X>otas8ium  and  sodium,  or  by  retaining  it  in  an  atmosphere  of  hydrogen  or  nitrogen 
gas. 

Oxides  of  manganese, — Of  these  there  are  five  primary  and  two  secondary,  the  latter 
resulting  from  the  combination  of  primary  compounds  with  each  other. 
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Protoxide  of  Manganese — (MnO). 

Freparatwn. — Either  by  deoxidising,  by  means  of  hydrogen,  the  peroxide  of  : 
ganese,  or  by  calcining  carbonate  of  magnesia  without  simultaneous  atmospherio 
contact.  This  latter  process  may  be  efliected,  as  described  at  page  434,  by  heating  car- 
bonate of  manganese  in  a  covered  crucible,  when  the  resulting  protoxide  is  only 
slightly  alterable  by  exposure  to  the  air  y  or  carbonate  of  manganese  may  be  reduced 
in  a  tube  of  the  following  description  :— * 

A  is  a  glass  bulb  holding 
carbonate  of  manganese,  a  is 
a  tube  containing  fragments 
of  dried  chloride  of  calcium, 
and  B  is  a  generating  appa- 
ratus for  liberating  hydrogen 
gas.  The  latter  of  course 
passes  dry  over  ihe  carbonate 
of  manganese  in  the  bulb  A, 
and  displaces  the  air  formerly 
there  existing.  So  soon  as 
this  ^placement  has  been  totally  effected,  the  flame  of  a  spirit-lamp  is  applied  to  the 
glass  bulb,  carbonic  acid  gas  is  eyolved  trcm  the  carbonate  ol  manganese  within,  and 
protoxide  of  manganese  remains.  Finally,  each  tubular  extremity  of  the  bulb  being 
sealed,  the  oxide  of  manganese  may  be  preserved  for  an  indefinite  period. 

Protoxide  of  manganese  readily  combines  with  acids,  generating  protosaltfiT,  &om 
solutions  of  which  a  white  hydrate  of  the  protoxide  is  thrown  down  by  caustic  potash 
and  soda. 

Sesquioxide  of  Manganese — (Mn^Os). 

Preparation. — By  exposing  peroxide  of  monguiese  to  red  heat  (as  in  the  preparation 
of  oxygen)  until  no  more  gas  is  expelled,  and  treating  the  fixed  result  by  an  acid, 
sesquioxide  of  manganese  is  left.    It  also  occurs  nitive,  both  hydrated  and  anhydrous. 

Properties, — In  physical  appearance  it  somewhat  resembles  the  black  or  peroxide 
of  manganese,  next  to  be  described,  but  is  more  tawny  red,  or  brown. 

Binoxide  or  Peroxide  of  Manganese,  MnOj.-^This  is  more  common  than  any  of  the 
other  oxides  of  manganese,  being  found  native  in  considerable  quantities,  and  suf- 
ficiently pure  for  employment  in  many  industrial  arts.  The  chief  purpose  for  which 
peroxide  of  nuoiganese  is  used  is  for  the  preparation  of  chlorine,  as  described  when 
treating  of  that  simple  body.  Peroxide  of  manganese  combines  with  water  to  form  a 
hydrate  of  definite  composition.  It  may  be  generated  either'  by  transmitting  chlorine 
through  carbonate  of  manganese  held  suspended  in  water,  or  by  pouring  hot  water  on 
the  monganate  of  potash. 

Mangeinie  Acidy  MnO,^  and  Permanganie  Aeid,  MujOy. — Both  these  compounds  may 
be  generated  by  heating  together  a  mixture  of  caustic  potash  with  peroxide  of  man- 
ganese in  the  x^resence  of  oxidising  bodies,  such  as  chlorate  or  nitrate  of  potash.  The 
residue  of  this  operation  when  treated  by  water,  and  the  liquid  evaporated  in  vacuo, 
yields  crystals  of  manganate  of  potash.  If  these  crystals  be  treated  with  hot  water, 
they  are  decomposed  into  hydf ated  peroxide  of  manganese,  which  precipitates,  and 
solution  of  permanganate  of  potash^  which  is  purple,  remains.    The  crystals  of  man- 
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ganate  of  potash  employed  for  this  operation  should  not  contain  an  excess  of  potash, 
otherwise  the  formation  of  permanganate  does  not  satisfactorily  take  place.  Per- 
manganate of  x>otash  may  also  he  prepared  directly  hy  the  following  process: — 
Peroxide  of  manganese  and  chlorate  of  potash  are  mixed  in  eqnal  proportions ;  one 
part  of  hydrate  of  potash  dissolved  in  the  smallest  availahle  quantity  of  water  is  then 
added,  the  whole  evaporated  to  dryness,  and  heated  short  of  redness.  Hot  water  heing 
now  poured  upon  the  mass,  permanganate  of  potash  is  dissolved  out,  and  may  he 
readily  crystallized,  whilst  the  insoluble  oxide  is  separated  by  decantation,  not  by 
filtration,  because  both  this  and  the  preceding  compound  are  decomposed  by  contact 
with  organic  bodies.  Manganic  aeid  has  never  yet  been  obtained  in  the  state  of 
isolation,  but  an  aqueous  solution  of  permanganic  acid  may  be  generated  by  the 
accurate  decomposition  of  permanganate  of  baryta  by  means  of  sulphuric  acid. 

Red  Oxide  of  Manganese  Mn304,  and  Varvicite  Mn407,  are  not  separate  oxides  of 
manganese,  but  combinations  of  two  oxides  in  the  manner  of  acid  and  base.  Bed 
oxide  is  regarded  as  a  compound  of  MnO  +  Mn,0,.  It  constitutes  a  native  ore  of 
manganese,  and  may  be  artificially  generated  by  heating  the  protoxide  or  sesquioxide 
to  whiteness,  or  by  heating  the  carbonate  of  manganese  to  redness,  in  an  uncovered 
vessel.  It  does  not  form  salts,  and  when  fused  with  borax  or  white  glass,  imparts  an 
amethyst  colour. 

Varvieite,  Mn^O,  +  2Mn02.— So  called  because  of  the  locality,  Warwickshire,  in 
which  it  was  discovered  and  is  principally  found.  In  appearance  it  resembles  the 
peroxide,  than  which  it  is  more  black ;  and  it  also  contains  water,  being  a  hydrate. 

Salts  of  Manganese. — The  only  oxygen  compounds  of  manganese  which  act  as 
bases  to  acids  are  the  protoxide  and  the  sesquioxide.  The  former  yields  a  large  number 
of  well  characterized  stable  salts ;  the  latter,  on  the  contrary,  is  a  very  feeble  base,  and 
its  salts  are  all  unstable.  Eespecting  the  characteristics  of  the  manganates,  and  per- 
manganates— salts  in  which  the  manganese  compound  performs  the  function  of  acidity 
— a  few  remarks  have  already  been  offered. 

In  almost  every  case  t)f  analysis,  involving  the  solution  and  subsequent  isolation  of 
manganese,  this  metal  will  be  found  in  the  state  of  proto-combination, — either  as  an 
oxygen  salt  of  the  protoxide,  or  as  a  protohaloid  salt ;  hence,  to  these  the  leamer 
should  direct  his  especial  attention. 

The  first  point  to  be  especially  remembered  in  connection  with  solutions  of  proto- 
Sttlts  of  manganese,  and,  indeed,  the  metal  in  any  state  of  solution,  is,  that  no  preci- 
pitate or  change  of  colour  is  yielded  by  hydrosulphuric  acid.  Now,  manganese  being 
a  calcigenous  metal,  this  absence  of  precipitate  or  change  of  colour  is  remarkable ; 
only  five  calcigenous  metals, — ^manganese,  iron,  uranium,  cobalt,  and  nickel, — ^being 
thus  circumstanced. 

The  second  point  to  be  remembered  in  connection  with  the  chemical  peculiarities 
of  manganese  is,  that  hydrosulphate  of  ammonia  (sulphide  of  ammonium),  yields  a 
precipitate  with  the  solutions  above  indicated,  and  the  precipitate  is  of  a  light  flesh 
colour.  This,  again,  is  a  peculiarity ;  black  being  the  usual  tint  produced  by  hydro- 
sulphuric  acid,  or  hydrosulphate  of  ammonia  in  metallic  solutions. 

Caustic  potash  or  soda  yield,  with  the  solutions  of  manganese  salts  above  spedfiiod, 
a  white  precipitate,  rapidly  changing  to  brown. 

Soluble  carbonates,  especially  those  of  the  fixed  alkalies  and  of  ammonia,  throw 
down  a  whitish  carbonate  of  manganese,  not  liable  to  much  change  by  exposure  to  the 
air,  and  from  which  other  protosalts  of  manganese  may  be  readily  generated.    Feiro- 
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cyanide  of  potassium  also  yields  a  white  precipitate ;  and  chlorine, — or  materials 
which  readily  evolve  chlorine,  such  as  commercial  chloride  of  soda,  or  of  lime, — throw 
down  the  red  oxide  of  manganese,  by  reason  of  their  oxidising  agency.  In  point  of 
fact,  a  solution  of  chlorine,  or  of  chloride  of  soda  or  lime,  is  one  of  the  most  delicate 
tests  we  possess  for  indicating  and  separating  manganese.  Manganese,  when  present, 
in  whatever  variety  of  combination,  may  be  readily  indicated  by  the  blowpipe.  When 
fused  with  borax  in  the  external  or  oxidising  flame,  it  yields  a  purple  bead,  which 
becomes  colourless  when  removed  to  the  internal  flame. 


Equivalent  or  atomic  weight 28 

Specific  gravity  about 7*8 

General  Remarks, — ^This  most  important  metal,  though  widely  disseminated  through- 
out the  inorganic  kingdom,  and  forming  no  inconsiderable  constituent  of  animals,  is 
seldom  obtained  pure.  Fortunately,  none  of  its  various  applications  involve  the 
necessity  of  having  it  quite  pure,  otherwise  materials  of  iron,  instead  of  being  amongst 
the  cheapest,  would  be  amongst  the  most  costly  in  existence. 

Preparation, — Three  processes  may  be  indicated  for  yielding  iron  chemically  pure. 
They  are  as  follow  : — 

(1).  Having  tied  some  small  iron  wire  in  a  bundle,  place  the  latter  in  a  porcelain 
tube,  heat  it  to  redness,  and  pass  through  a  current  of  aqueous  vapour.  By  this 
means  the  iron  wire  is  covered  with  rust,  which  is  the  object  designed.  Next,  cut 
this  iron  into  short  pieces,  mix  them  with  a  little  powdered  glass,  pack  the  mixture  in 
a  small  porcelain  crucible,  bed  the  latter  in  another  crucible  of  Hessian  ware,  and 
expose  the  whole  to  the  strongest  heat  of  a  wind  furnace.  By  this  treatment,  oxygen 
from  the  iron  rust  unites  with  the  carbon  and  other  impurities  of  the  non-oxydised 
portion  of  the  wire,  leaving  the  remaining  portion  of  iron  pure.  It  aggregates,  if  the 
furnace-heat  be  sufficiently  high,  into  one  mass. 

(2).  Pure  iron  may  also  be  obtained  by  transmitting  hydrogen  through  oxide  of 
iron  contained  in  a  tube  and  heated.  The  heat  generated  by  a  spirit  lamp  flame  is 
amply  sufficient  for  developing  the  result,  and  the  little  apparatus  depicted  at  page  435 
may  be  here  employed.  Iron,  however,  prepared  at  this  low  temperature,  is  pyro- 
phoric  :  it  bums  immediately  on  coming  in  contact  with  air,  and  hence  can  only  be 
preserved  by  hermetically  sealing  it  in  the  tube  employed  for  its  preparation.  If, 
instead  of  a  glass  tube,  one  of  x>orcelain  be  employed,  and  the  current  of  hydrogen 
transmitted  at  a  furnace-heat,  the  resulting  iron  becomes  more  dense,  loses  its  pyro- 
phorio  quality,  and  may  be  exposed  to  dry  atmospheric  air  without  change. 

(3).  The  third  method  of  obtaining  pure  iron,  consists  in  substituting  protochloride 
of  iron  for  oxide  of  the  metal.  In  this  case  iron  is  obtained,  not  in  the  condition  of 
powder,  but  as  a  mirror-like  scale. 

Varieties  of  Commereial  Iron. — The  principal  varieties  of  commercial  iron  are  three 
— cast  iron,  wrought  iron,  and  steel.  Of  each  of  these  there  are  numerous  sub-varie- 
ties, but  they  cannot  be  minutely  detailed  here. 

Cast  iron  is  a  very  heterogeneous  compound,  though  it  is  generally  regarded  as  a 
mere  union  of  carbon  with  iron,  the  carbon  being  in  greater  quantity  than  necessary 
to  form  steeL  Besides  carbon,  cast  iron  contains  silicon— probably  aluminium,  sulphur, 
and  occasionally  phosphorus.     By  the  presence  of  carbon  and  other  adventitious 
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bodies,  iron  becomes  more  fusible  than  wbcn  pure ;  hence  the  propriety  of  the  term 
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By  r^eatcdly  fusing  cast  iron,  and  rolling  and  hammering  the  glowing  mass,  the 
greater  portion  of  carbon  and  other  collateral  Impmities  are  burned  or  otherwise 
removed,  leaving  the  iron  in  tbe  state  of  comparatiye  purity.  In  general  terms  we 
may  say  that  the  more  iron  has  been  fused,  hammered,  drawn  out,  rolled  or  kneaded, 
the  purer  does  it  become :  hence,  iron  wire  is  composed  of  very  piure  iron,  and  the 
purity  of  old  horsc-shoc  nails  is  so  well  recognized  that  they  sell  at  a  comparatively 
high  price,  to  be  converted  into  gun  barrels. 

Steel. — This  material  is  considered  to  be  a  carburet  of  iron,  in  which  tbe  proportion 
of  carbon  is  less  th^  the  quantity  requisite  to  constitute  cast  iron.  The  fine  Indian 
variety  of  steel  termed  wootz,  however,  contains  minute  portions  of  alupdnium  as  well 
as  carbon,  and  it  is  doubtful  whether  any  variety  of  steel  be  a  mere  combination  of  iron 
with  carbon.  The  most  usual  plan  adopted  for  the  conversion  of  iron  into  steel  is  that 
of  cementation,  as  it  is  called.  Bars  of  wrought  iron  are  stratified  with  charcoal,  and 
exposed  for  a  considerable  period  to  a  high  furnace  temperature,  when  union  between 
iron  and  carbon  takes  place,  steel  being  the  result 

Iron  approaching  the  condition  of  purity,  such  as  wrought  iron  and  steel,  is  en- 
dowed with  the  valuable  quality  of  welding — that  is  to  say,  two  pieces  of  wron^t  iron 
or  steel  being  taken  and  heated  to  whiteness  in  a  forge,  they  may  be  caused  to  adhere 
by  hanmiering.  In  this  respect  iron,  amongst  all  the  calcigenous  group  of  metals, 
furnishes  the  only  perfect  example.  Platinum  is  described  as  participating  in  the 
quality  of  welding,  but  it^  capabilities  in  this  respect  are  very  slight.  The  kaligenous 
metals,  potassium  and  sodium,  it  may  be  remembered,  readily  admit  of  welding. 
Oxides  of  Iron, — Four  compounds  of  iron  with  oxygen  are  known  as  follows  :— 

Iron.  Oxyg^en. 

Protoxide 1  X 

Sesquioxide  (peroxide)       ...        2  3 

Black  oxide 3  4 

Ferric  acid \  3 

Proiojcide.—FeO.  This  is  the  only  oxide  of  iron  having  the  properties  of  a  stiong 
base,  and  yielding  well-defined  crystalline  salts. 

JPrepa)  ation.^-'BY  adding  caustic  potash,  soda,  or  ammonia,  to  any  salt  of  the 
protoxide,  the  latter  is  precipitated  in  the  form  of  a  greenish- white  hydrate,  and  which 
by  boiling,  assumes  the  colour  of  almost  perfect  blackness.  The  protoxide  of  iron  is 
exceedingly  difiicult  to  retain  unchanged.  Exposed  to  the  air,  or  any  gaa  containing 
oxygen,  it  soon  becomes  green,  then  red-brown,  the  latter  tint  being  indicative  of  the 
change  to  peroxide.  Most  of  the  common  salts  of  protoxide  of  iron  are  green  when 
pure,  but,  exposed  to  oxydising  influences,  they  become  covered  with  a  layer  of  red 
material — peroxide  combined  with  the  original  acid.  AH  protosalts  of  iron  axe  readily 
converted  into  persalts  by  boiling  with  nitric,  or  with  nitrohydrochlorio  acid, 

JPeroxide  of  Iron,  FcjOg. — This  is  also  a  basic  substance,  but  not  powerfully  so.  In 
its  relations  it  resembles  alumina. 

Preparation. —When  a  protosalt  of  iron  is  boiled  with  nitric  or  nitrohydrocfaloric 
acid,  a  persalt  of  iron  results ;  from  the  solution  of  which  peroxide  of  iron  may  be 
precipitated  by  ammonia.  It  also  occurs  native  in  the  Island  of  Elba  and  elsewhere 
constituting  the  ore  known  as  specular  iron.  Hydrate  of  the  peroxide  ia  also  found 
native,  constituting  the  ores  known  as  haematites,  red  and  brown. 
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iV©iwr/iw.-— Peroxide  of  iron  has  a  full  blood-red  oolour.  It  is  not  affected  by  any 
degree  of  heat,  except  carbon  or  other  deoxidising  agent  be  present ;  when  it  is  reduced 
to  the  condition  of  metallic  iron.    This  oxide  of  iron  is  not  magnetic. 

Blaeli,  or  Magnttie  Oicide  oflroM,  ¥cfl^. — This,  when  found  native,  constitutes  the 
loadstone,  so  called  from  its  magnetic  properties. 

Freparation.'^Tihe  black  scalcs^which  form  on  wrought  iron  when  heated  to  white- 
ness, as  in  the  operation  of  forging,  are  chiefly  composed  of  this  oxide.  It  may  also  be 
prepared  in  the  moist  way  by  effecting  a  mixed  solutionof  a  proto  and  a  persalt  of  iron, 
precipitating  the  solution  by  an  alkali  and  boUing  the  hydrates  which  deposit.  A 
black  crystalline  compound  forms  and  precipitates  j  it  is  the  oxide  in  question. 

Ferric  -4(?kf— .(FeOg), 

Preparation, — ^Four  parts  of  nitre  and  one  part  of  peroxide  of  iron  are  to  be  inti- 
mately mixed  and  heated  to  redness  in  a  covered  crucible.  The  contents,  being  allowed 
to  grow  cold,'then  dissolved  in  water  in  which  ice  is  melting,  and  consequently  the 
temperature  of  which  is  at  32°  F.,  a  solution  of  ferrate  of  potash  is  obtained.  This 
compound  is  remarkably  prone  to  decomposition,  oxygon  gas  being  evolved  and 
peroxide  of  iron  thrown  down.  The  change  takes  place  slowly  in  the  cold,  but  hot 
water  occasions  it  at  once.  Ferric  acid  yields  a  remarkable  and  very  permanent  com- 
pound with  baryta.  In  colour  it  is  a  deep  crimson,  and  may  be  used  advantageously 
as  a  pigment. 

Chlorides  of  Iron, — Of  these  two  are  known,  the  protochloridc  and  the  sesqui  or 
perchloride. 

JProtoehloride  of  Iron— {Ve  CI). 

Preparation. — By  passing  a  stream  of  dry  hydrochloric  acid  gas  over  red-hot  iron 
contained  in  a  tube  of  porcelain,  or  by  dissolving  iron  in  hydrochloric  acid. 

Properties, — A.  brown  fixed  material,  which,  when  obtained  in  the  dry  way,  fur- 
nishes crystals  on  cooling.  The  solution  of  iron  in  hydrochloric  acid,  when  evaporated, 
yields  green  crystals  of  the  hydrated  protochloride,  having  the  composition  of 
FeCl  +  6H0. 

Sesquiehloride  of  Iron — (Fc^Clg). 

Preparatiott. — By  passing  a  current  of  dry  chlorine  gas  over  iron  heated  to  redness, 
and  subliming  the  resulting  chloride  in  an  atmosphere  of  tho  same  gas,  or  by  dissolving 
iron  in  nitrohydrochloric  acid. 

Properties. — ^An  iridescent  brown  or  greenish-brown  compound,  soluble  in  alcohol, 
etficr,  and  water.  Its  solutions  are  decomposed  by  light,  sesquioxtde  of  iron  being 
deposited.  By  evaporating  the  solution  of  iron  in  nitrohydrochloric  acid,  crystals 
of  the  hydrate  of  the  sesquiehloride  are  produced ;  they  dissolve  in  water,  alcohol, 
and  ether,  and  are  very  deliquescent.  If  aqueous  solution  of  sesquiehloride  of  iron  be 
evaporated  to  dryness  and  sharply  heated,  partial  decomposition  ensues,  peroxide  and 
hydrochloric  acid  being  simultaneously  formed.  The  portion  of  chloride  remaining 
nndecomposed  sublimes  in  red  and  very  deliquescent  crystals. 

Iron  ftith  Suiphwr. — ^Many  compormds  of  iron  wiHi  sulphur  exist,  but  two  only 
hare  been  well  studied ;  they  are  the  protosulphuret  and  the  biBulphuret. 

Protosulphurei  0/ Jron— (FeS). 
Preparation, — ^By  heating  a  bar  of  iron  to  whiteness,  and  bringing  it  into  contact 
with  sulphur,  or  by  heating  a  mixture  of  2i  parts  of  sulphur  and  4  parts  of  iron  filings 
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in  a  red-hot  crucible.     This  is  the  compound  employed  in  laboratories  for  generating 
hydrosulphuric  acid. 

Bimlphuret  oflron-^eS^. 

This  compound,  as  will  be  seen,  corresponds  to  no  known  iron  oxide ;  it  exists  in 
nature,  constituting  iron  pyrites,  and  may  be  formed  artificially  by  mixing  2  parts  of 
protosulphuret  of  iron  with  1  of  sulphur,  and  heating  the  mixture  in  a  crucible  until 
all  excess  of  sulphur  has  been  expelled.  When  heated,  the  bisulphuret  of  iron  eydyes 
a  portion  of  its  sulphur,  and  the  material  which  remains  is  composed  of  68  per  cent 
only  of  sulphur,  in  combination  with  32  of  iron.  The  exact  atomic  composition  of 
this  compound  is  not  known. 

There  is  also  found  native  a  mineral  termed  tnagnetie  pfriiesy  the  compoation  of 
which  is  indicated  by  the  formula  Fe^S^ ;  it  is  probably  a  compound  of  5FeS  -{•  Fe^S,. 

Gombinatiofu  of  Iron  with  Fhosphorw, — Phosphorus  unites  with  iron  in  many 
proportions.  The  phosphuret  best  known  is  that  generated  by  heating  in  a  crucible 
lined  with  charcoal,  a  mixture  of  phosphate  of  iron  and  charcoal  powder.  The  {Hresence 
of  phosphorus  in  iron  is  very  detrimental,  imparting  to  it  the  quality  known  as  cold 
«Aor^,— that  is  to  say,  iron  thus  contaminated  is  very  brittle^  and  when  cold,  readily 
crumbles  under  the  stroke  of  the  hammer. 

Iron  with  Nitrogen. — A  compound  of  this  kind  is  known,  but  its  atomic  composition 
has  not  been  determined.  It  may  be  prepared  either  by  passing  dry  ammoniacal  gas 
over  iron  wire  heated  to  redness  in  a  porcelain  tube,  or  exposing  anhydrous  proto- 
chloride  of  iron  contained  in  a  glass  tube  to  a  heated  current  of  dry  ammoniacal  gas. 

Irwi  with  Cyanogen, — Cyanogen,  throughout  the  whole  range  of  chemistry,  is  charac- 
terized by  the  number  and  the  complexity  of  its  compounds.  This  remark  especially 
applies  to  the  cyanurets,  or  cyanides,  of  iron,  of  which  there  are  several.  Under  the 
head  of  cyanogen  (page  391)  the  circumstance  was  mentioned,  that  although  a  compound 
it  acted  like  a  simple  body.  This  peculiarity  is  also  retained  by  the  compounds  of 
cyanogen  with  other  bodies ; — ^thus,  for  example,  cyanogen  unites  with  protoxide  of 
iron  to  form  cyanide  of  iron,  and  the  latter  unites  again  with  other  cyanides,  such  as 
potassium,  lead,  &c.,  constituting  double  cyanides.  Of  this  latter  class  of  bodies,  the 
most  important  not  only  as  regards  its  uses,  but  as  furnishing  a  key  to  the  comprehen- 
sion of  all  the  remaining  double  cyanides  is  the  double  cyanide  of  iron,  and  potassium, 
the  yellow  prussiate  of  potash,  as  it  is  commonly  designated. 

Frotoeyanuret  of  Iron. 

Pnparation, — (1).  By  adding  a  solution  of  cyanide  of  potasnom  to  a  solution  oi  any 
protosalt  of  iron.  Proto-cyanuret  of  iron,  as  thus  made,  retains  portions  of  cyanide  of 
iron  so  obstinately,  that  it  can  scarcely  be  got  pure  by  this  process^  even  after  the  most 
assiduous  washing. 

(2).  By  digesting  Prussian  Blue  with  a  solution  of  hydro-sulphurio  acid. 

Proptriies, — ^A  white  compound,  rapidly  becoming  blue  when  exposed  to  the  air. 

We  have  already  seen  that  cyanogen,  though  a  compound  body,  assimilates  itself  by 
chemical  relations  and  demeanour  to  chlorine,  iodine,  and  bromine.  Like  them  it  com- 
bines with  hydrogen  to  form  a  hydracid  (the  hydro-cyanic) ;  like  them  it  unites  with 
certain  metals,  forming  compounds  which  necessarily  must  be  regarded  as  cyanides 
and  not  hydro-cyanates,  seeing  that  they  contain  neither  oxygen  nor  hydrog^i.  In 
fact,  all  the  remarks  relative  to  hydracids  generally,  and  their  salts,  apply  to  cyanogen, 
hydro-cyanic  acid,  and  their  combinations.    But  this  is  not  all.     The  cyanurets  of  iron, 
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and  especially  the  proto-cjanuret  just  described,  are  commonly  regarded  as  analogous  in 
function  with  cyanogen  itself ;  that  is  to  say,  compounds  performing  the  functions  of  a 
simple  body.  Hence,  has  arisen  the  term  "  ferro-cyanogen," — a  body  which,  by  com- 
bining with  hydrogen  generates  hydro-ferro-cyanic  acid,  whose  functions  are  like  those 
of  any  other  hydracid.  Perhaps  the  bearing  of  these  remarks  will  be  more  obvious 
if  we  take  a  special  case  for  exemplification.  That  case  may  be  the  salt  known  as 
pruanate  of  potash. 

Its  composition  is  as  follows : — 


2  X:::i::l'pot^in„,  l  ^  equiyalent  Anhydrous  Prussiate  of 


2  equivalente  Potassium  \  *  "H--^-""  ^pj^^ 
2  equivalents  Cyanogen    ^ 


Adopting  the  theory  of  its  being  a  mere  binary  compound  of  cyanide  of  iron  with 
cyanide  of  potassium,  its  composition  will  stand  thus — 


1  eq.  Iron  \  1  eq.  Cyanide  of 


1  eq.  Cyanogen  /  Iron 

2  eq.  Potassium  ?  2  eq.  Cyanide  < 
2  eq.  Cyanogen  )        Potassium 


1  eq.  Anhydrous  Prussiate  of 
Potash    ; 


and  will  be  represented  by  the  symbol  FCfy  +  2  KCy. 

But  if  we  assume  the  existence  of  the  compound  radical  ferrocyanoffeny  then 
anhydrous  prussiate  of  potash  must  be  regarded  as  anhydrous  ferocyanide  of  potassium, 
and  its  constituents  will  be  grouped  as  follows : — 

3  eq'.  C™oeen  \  ^  ®^-  ^errocyanogen  )   1  eq.  Ferrocyanide  of 

2  eq.  pJtassiumJ )  Potassium 

Hydrogen,  it  will  be  remembered,  possesses  many  of  the  relations  of  a  metal,  with 
which  it  frequently  changes  places,  atom  for  atom.  This  fact  being  remembered,  it 
will  not  seem  extraordinary  that  the  two  equivalents  of  potassium  in  the  preceding 
compound  should  be  capable  of  substitution  by  hydrogen,  as  in  the  following  scheme  : — 

3  H  fcogen  i  ^  «^-  Ferrocyanogen  }  1  eq.  Fen:ocyanide  of 
2  eq.  Hydroien-! )  Hydrogen 

Now,  as  the  chloride  of  hydrogen  is  termed  hydrochloric  acid,  the  bromide  of 
hydrogen  hydrobromic  acid,  &c.,  by  a  parity  of  usage  the  ferrocyanide  of  iron  should 
be  denominated  hydroferrocyanic  acid,  Ferrocyanide  of  hydrogen  and  hydroferrocyanie 
acid  are,  therefore,  synonymous  terms,  both  indicating  the  compound  in  which  two 
equivalents  of  hydrogen  have  taken  the  place  of  two  equivalents  of  some  other  simple 
body.  The  radical  of  hydroferrocyanic  acid,  instead  of  being  represented  symbolically 
by  tiie  initials  of  its  constituents,  is  indicated  by  the  symbol  Cfy ;  therefore  hydro- 
ferrocyanic acid  will  bo  symbolically  designated  thus,  Cfy2H. 

Properly  speaking,  the  philosophy  of  cyanogen  belongs  to '  the  department  of 
organic  chemistry,  whore  it  will  be  treated  more  in  detail.  I  have  only  entered  upon 
its  description  here  to  the  extent  necessary  for  explaining  the  nature  of  its  com- 
binations with  iron. 
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Jhuble  Cjfanide  of  Iron  4md  Potattium. — Ftrrocyanide  of  Potatsium, — This  salt  is  of 
^eat  importance,  both  in  the  laboratory  and  the  arts.  It  is  formed  commorcially  in 
large  <}uantitiefl,  and  moderately  pure. 

Preparation. — (1)«  The  oldest  and  most  usual  method  of  generating  ferrocyanide  of 
potassium  (prussiate  of  potash)  is  as  follows : — Fragments  of  animal  matters,  such  as 
horns,  hair,  hoofs,  &c.,  are  first  calcined  in  close  vessels,  so  that  highly  nitrogenized 
animal  charcoal  may  result.  The  latter  is  now  mixed  with  carbonate  of  potash,  and 
heated  in  an  iron  vessel  by  a  reverberatory  flame.  The  materials  fuse  into  a  mass, 
which  is  stirred  from  time  to  time  with  an  iron  rod.  Cyanuret  of  iron  and  cyanuiet 
of  potassium  are  formed;  by  oombination  they  generate  ferrocyanide  of  potassium, 
which  being  washed  out  by  water,  and  the  solution  evaporated,  yields  the  well-known 
crystals  of  prussiate  of  potash.  They  are  composed  of  one  equivalent  of  ferrocyanide 
of  potassium,  combined  with  three  equivalents  of  water,  and  consequently  are  repre- 
sented by  the  formula — 

FeCy  +  2KCy  +  3H0. 

(2).  By  the  direct  union  of  carbon  and  nitrogen  in  contact  with  carbonate  of  potash. 
This  process  is  now  conducted  on  the  large  scale,  and  is  of  peculiar  interest.  The 
stages  of  the  operation  are  as  follow : — ^Wood  charcoal,  having  been  fitrcmgly  impreg- 
nated with  solution  of  carbonate  of  potash,  is  heated  in  brickwork,  and  exposed  to  the 
agency  of  a  mixture  of  carbonic  acid  and  nitrogen  gases,  formed  by  transmitting 
atmospheric  air  through  burning  coke.  This  operation  having  been  continued  for 
about  ten  hours,  the  charcoal  is  allowed  to  cool,  removed,  and  lixiviated  with  water. 
The  fluid  of  lixiviation  is  next  boiled  in  an  iron  vessel,  with  finely-powdered  native 
peroxide  of  iron  (spathic  iron),  when  a  solution  of  prussiate  of  potash  is  obtained,  from 
which  the  salt  separates  by  evaporation. 

Crystallized  ferrocyanide  of  potassium  easily  loses  its  <hree  equivalents*  of  water  by 
a  gentle  heat.  If  the  temperature  be  raised  still  higher,  the  salt  decomposes,  with  the 
evolution  of  hydrogen.  On  lixiviating  the  fixed  residue,  cyanide  of  potassium  is 
washed  out,  and  a  black  carburet  of  iron  remains,  having  the  composition  of  FojCj. 

Solution  of  prussiate  of  potash  is  a  valuable  test,  indicating  the  presence  of 
numerous  metals  by  distinctive  tints.  Thus,  with  the  kaligenous  and  terrigenons 
metals  generally,  it  yields  no  colouration  or  precipitate ;  but  with  solutions  of  nearly 
all  the  caleigenous  metals,  in  almost  every  state  of  eombinaticm,  it  furnishes  either  a 
distinctive  tint,  or  a  precipitate,  or  both.  With  solutions  of  copper,  titanium,  moly- 
denum,  and  uranium,  the  colour  furnished  is  brown ;  with  solutions  of  absolutely  pun 
protosalts  of  iron,  white ;  but  with  solutions  containing  even  the  slightest  amount  of 
a  persalt  of  iron,  blue.  Practically,  therefore,  it  yields  a  blue  colour  with  €Ut  the 
solutions  of  iron  which  occur  in  the  ordinary  course  of  analysis.  IHth  the  generality 
of  caleigenous  metals  remaining,  prussiate  of  potash  yields  a  white  precipitate.  In  the 
greater  number  of  these  bodies,  the  potassium  of  Hke  ferrocyanide  of  potassium  is  dis- 
placed by  the  new  metsd.  For  example,  ferrocyanide  of  copper  is  represented  by  the 
formula  2Cu  +  Cfy ;  the  ferrocyanide  of  lead  by  2Pb  -|-  Cfy. 

By  acting  on  the  ferrocyanide  of  lead  by  hydrosulphuiie  acid,  decomposilion  ensaei ; 
sulphuret  of  lead  is  thrown  down,  and  hydro-ferrocyanic  acid  is  evolved.     Hydrofeuo- 
cyanic  acid  yields  precipitates  with  metallic  solutions  precisely  identical  with  those 
yielded  by  ferrocyanide  of  potassium.    The  decomposition  which  takes  place  is  iUii»-  . 
trated  by  the  appended  diagram — 
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1  Ferrooyanide  ( 1  Ferrocyanogen  -y  1  Hydro-ferrocyanic 

of  lead        (2  Lead v    y<  acid 


2  Hydrosulphuric  (  2  Hydrogen ^ 

acid  \1  Sulphur ^2  Sulphuret  of  lead 

Thus  obtained^  it  is  dissolved  in  water ;  by  evaporating  the  solution  in  vacuo 
over  strong  sulphuric  acid,  it  may  be  procured  in  crystals.  There  is  another  method 
of  preparing  hydro-ferrocyanio  acid ;  by  adding  hydrochloric  acid  to  a  concentrated 
aqueous  solution  of  prussiate  of  potash  free  from  air,  and  agitating  the  miirture  with 
ether ;  by  which  treatment  crystals  of  the  acid  are  thrown  down. 

Ferrosetqmcyanide  of  Potassium^  or  Ferrideyanide  of  Potassium  ified  Prussiate  of 

Potash), 

This  is  another  important  salt,  containing  iron  in  its  acid  or  electro-negative  com- 
ponent. 

Preparation. — By  transmitting  chlorine  through  a  soluticm  of  yellow  or  conmion 
prussiate  of  potash,  until  the  solution  ceases  to  furnish  a  blue  precipitate  with  persalts 
of  iron,  and  evaporating.  During  the  operation  of  transmitting  chlorine,  the  liquor 
must  be  continually  agitated,  and  l^e  chlorine  must  not  be  supplied  in  excess. 

The  decomposition  which  ensues  may  be  thus  represented  by  a  diagram : 


2  Ferrocyanide  of  potassium  (2  Iron         ^ 
2  Cyanogen 
(yellow  prussiate  of  potash)  J  3  Cyanogen 
*      11  Cyanogen 


1  Ferrideyanide  of  potassium 
'  (red  prussiate  of  potash) 


Cyanogen 
3  Potassium^ 
Vl  Potassium 
I  Chlorine., •  1  Chloride  of  potassium 

or  thuji,  in  chemical  symbolic  notation, 

2(FeCy  +  2KCy)  +  CI  =  (SKCy  +  Fe^Cyg)  +  KCl. 

Properties. — ^This  salt  is  less  soluble  than  yellow  prussiate  of  potash,  only  one  part 
being  dissolved  in  about  forty  of  cold  water.  Like  the  preceding,  it  is  a  valuable  test 
for  several  calcigenous  metals,  more  especially  iron.  "With  proto-compounds  of  iron  it 
yields  a  white,  '^'ith  per-compounds  a  blue  precipitate,  whereas  yellow  prussiate  of 
pocash  acts  in  the  reverse  order,  yielding  a  white  precipitate  with  proto-compounds  of 
iron,  and  a  blue  precipitate  with  per*>compounds  of  the  sa^e  metal.  Similarly  to 
ycUow  prussiate  of  potash,  the  compound  \mder  consideration  yields  a  precipitate  with 
3olutions  of  lead,  and  this  precipitate  being  decomposed  by  dUute  sulphuric  acid, 
jriddf  a  distinct  and  somewhat  permanent  hydracid,  ferrosetquicyanic  aeidf  or  ferrid- 
cffonid  acid, 

lerrideyanids  of  had  is  composed,  as  indicated,  by  the  formula  3Pb0y  -4-  Fe2Cy3, 
and  the  jcomposition  of  hydro-ferridcyanio  acid  is  represented  by  the  formuU 
SHCy  +  ^^^ Js*  ^y  carefiilly  evaporating  a  solution  of  l^drof«rridcyanio  acid  it  is 
obtained  in  the  state  of  crystals. 

Prussian  Blue. 
Under  the  generic  name  of  Prussian  blue  are  comprehended  several  important 
eysnogen  compounds  of  iron,  of  which  I  shall  only  specially  advert  to  two :  common 
Prussian  blue,  which  is  the  result  obtained  by  adding  yellow  prussiate  of  potash  to  a 
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persolution  of  iron,  and  Tumbull's  Prussian  blue  generated  hj  adding  red  pmasiate  of 
potash  to  a  protosalt  of  iron. 

Common  Prussian  Blue. 
Preparation, — This  compound  is  generated,  as  already  indicated,  when  solution  of 
yellow  prussiate  of  potash  is  added  to  a  solution  of  a  persalt  of  iron.   The  decomposition 
which  ensues  is  represented  by  the  subjoined  diagram,  in  solutions  where  perchloride 
of  iron  is  supposed  to  have  been  employed. 


2  Perchloride  of 

iron 

3  Ferrocyanide  of 

X>otassium 

(Yellow  prussiate 

of  potash) 


6  chlorine 7^  «^°"?« 

1 4  iron  ^7/^3  potassium 

'  6  cyanide  of  (  6  potassium^--^^^ 

potassium    (  6  cyanogen ^.  ,  .  .  - 

3  cyanide  of  >  1  fenrocyanide 

iron  >        ^^^"^^ 


iron 
or,  in  chemical  symbolic  notation,  as  follows, 

2Fe,Cl3  +  3(FeCy  +  2KCy)  =  6KC1  +  (3FeCy  +  ^Fefij^. 
whence  it  appears  that  the  formula  of  common  prussian  blue  (ferro-cyanide  of  iron)  is 
3FeCy  +  2FeaCy,  or,  3Cfy  +  4Fe. 
Properties. — Somewhat  resembling  indigo  in  general  appearance,  but  far  less  per- 
manent when  subjected  to  chemical  re>agents.  In  water  and  weak  acids  it  is  insoluble. 
Strong  sulphuric  acid  decomposes  it,  with  the  production  of  a  white  compound. 
Alkalies  also  destroy  its  colour  instantaneously.  Heated  in  the  open  air  it  bums, 
leaving  a  residue  of  peroxide  of  iron ;  and  exposed  to  destructiye  distillation  it  is 
decomposed  into  cyanide  of  ammonium,  water,  carboilate  of  ammonia,  and  carburet  of 
iron. 

lUmbuffs  Prussian  Blue. 

The  method  of  preparing  this  compound  has  already  been  indicated.  'It  possesaes 
a  brighter  tint  than  the  preceding  compound,  and  is  employed  for  similar  purposes. 

CHSOMBj'OB  CHBOMTDM. 

Atomic  or  equiyalent  weight    ....    26*7 
Specific  gravity  (about) 5-9 

General  Jtetnarks.—Thia  important  metal  deriveR  its  name  £rom  xp^^f*^  colour,  on 
account  of  the  yaried  tints  afforded  by  its  combinations.  Chromium  was  demonstrated 
to  be  a  metal  by  Yauquelin,  in  1787 ;  he  succeeded  in  obtaining  it  from  oxide  of 
chromium,  but  not  in  a  pure  condition. 

Preparation, — ^The  process  followed  for  obtaining  chromium  is  the  coonteipart  of 
that  adopted  for  the  preparation  of  manganese ;  sesquioxide  of  chrome  being  intimatelj 
mixed  with  charcoal-powder,  sugar,  and  oil,  diarcoal,  sugar,  and  coal-tar,  or  some 
materials  equally  rich  in  carbon,  is  raised  into  an  earthenware  cmcible,  lined 
with  charcoal,  and  expos^  to  the  highest  heat  of  a  smith's  forge.  A  mass  remains, 
metallic  in  appearance,  and  which  was  once  considered  to  be  pure  chromiam;  it, 
however,  bears  the  same  relation  to  chromium  that  cast  iron  bears  to  the  pure  metal,— 
it  is  cmrburttted.  To  obtain  it  pure  the  preceding  result  is  to  be  powdered,  then 
intimately  mixed  with  green  oxide  of  chromium,  and  exposed  a  second  time  to  the 
highest  heat  of  a  smith's  forge,  in  a  crucible  of  porcelain  lined  with  charcoal,  and 
contained  in  one  of  Hessian,  or  Cornish  ware. 


PROTOXIDE  OF  CHROMIUM.  445 


By  this  operation  oxygen  from  the  oxide  of  chromium  unites  with  the  carhon  of 
the  carhonaceous  mass,  which  escapes  in  the  condition  of  oarhonio  oxide  and  carhonio 
acid,  pore  chromium  remaining  in  the  state  of  hutton  or  ingot,  if  the  heat  haye  heen 
sufficient. 

Froperties. — Chromium  has  a  full  white  metallic  lustre;  it  is  very  hrittle,  and 
sufficiently  hard  to  scratch  glass.  Dry  atmospheric  air,  at  ordinary  temperatures,  does 
not  oxidise  it  perceptibly ;  but  it  is  readily  oxidised  by  heating  it  to  redness.  Hydro- 
chloric acid  and  dilute  sulphuric  acid  readily  dissolve  it. 

Chromium  toith  Oxygen. — The  oxygen  compounds  of  chromium  are  numerous. 
Taken  as  a  class,  they  present  analogies  to  the  oxygen  compounds  of  iron ;  but  one  is 
analogous  in  composition  to  permanganic  acid.  The  following  is  a  tabular  arrange- 
ment of  the  oxygen  compounds  of  chromium : — 

Chromiam.     Oxygen. 

1.  Protoxide  of  chromium 1  1  (?) 

2.  Sesquioxide  of  chromium 2  3 

3.  Compound  of  the  two  preceding  in  single  atomic  pro- 

portions          3  4 

4.  Chromic  acid 1  3 

6.  Combination  of  chromic  acid  and  protoxide  of  chrome  2  4 

6.  Perchromic  acid        .......  2  7 

Protoxide  of  Chromium. 

Preparation  and  Properties. — Solution  of  potash  being  added  to  solution  of  proto- 
chloride  of  chromium,  protoxide  of  chromium  is  thrown  down  in  the  state  of  a  brown 
hydrate.  The  precipitate  is,  however,  not  permanent.  Having  a  great  affinity  for 
oxygen,  it  decomposes  water  almost  as  soon  as  formed ;  and  if  the  solution  be  hot,  the 
decomposition  proceeds  with  remarkable  activity.  The  result  of  this  decomposition  is 
the  production  of  the  hydrate  of  the  oxide  Cr304,  or  rather,  perhaps,  CrOj  Cr^Oj,  seeing 
that  it  is  regarded  as  analogous  with  the  magnetic  oxide  of  iron.  By  heating  this  latter 
hydrated  oxide  in  a  glass  tube,  further  decomposition  takes  place ;  the  equivalent  of 
oxygen  possessed  by  the  water  of  hydration  is  retained  and  hydrogen  evolved.  The 
composition  of  protoxide  of  chrome  is  aeaumed  to  be  as  represented  in  the  tabular  view 
just  given.  The  determination  of  its  composition  by  analysis  has  not  been  accom- 
plished. 

Salts  of  Protoxide  of  Chromium. — On  account  of  the  avidity  of  this  oxide  for  oxygen, 
bnt  little  of  the  salts  in  question  is  known.  The  acetate  and  the  double  sulphate  of 
protoxide  of  chromium  and  potash  are  the  only  proto-oxygen  salts  of  chrome  which 
have  been  distinctly  formed.  Many  of  the  qualities,  however,  of  the  protoxide  of 
chromium  are  manifested  by  the  proto-chloride  of  the  metaL  The  following  are 
amongst  the  most  remarkable : — 

Caustic  potash  throws  down  at  first  a  brown  preiipitate  of  hydrated  oxide,  almost 
immediately  changing  into  the  brown  hydrated  magnetic  oxide ;  hydrogen  being  simul- 
taneously evolved.  Hydrosulphates  yield  a  black  precipitate,  but  hydrosulphuric  acid 
none.  Corrosive  sublimate,  when  added  to  it,  throws  down  calomel ;  and  chlorine, 
nitric  acid,  and  many  other  oxidising  agents  convert  the  protoxide  into  the  green,  or 
sesquioxide. 

SesquMxide  of  Chromium, 

General  remarks, — In  its  general  characteristics  this  oxide  is  analogous  to  the 
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sesquioxide  of  iroii)  acting  tile  part  of  a  feeble  base,  and  yiriding  in  many  cases  salts  of 
two  colours  (green  and  violet)  with  the  same  acid. 

Prfparaiion, — This  ^dde,  hi  a  hydrated  condition,  may  be  thrown  down  firom  any 
sesquisalt  of  chromiiim  by  the  addition  of  ammonia ;  in  the  anhydrous  condition  it 
can  be  obtained  by  many  processes,  amcmgst  which  the  following  may  be  eniune- 
rated: — 

(1)  By  decomposing  by  heat,  the  chromate  of  the  snb-oxide  of  mercury,  when 
oxygen  and  metallic  mercury  are  eTolyed;  and  green  sesqnioxide  of  chromium  remains. 
The  decomposition  which  ensues  is  determined  by  the  tendency  of  oxygen  and  mercury 
to  be  volatilized  by  heat.    It  is  represented  by  the  following  diagram : — 


2  Chromate  of/ 4  Suboxide  ^4  Mercury- 
sub-oxide  of  of  •< 
mercury    i    mercury     (2  Oxygenv 


v2  Chromic    (o  Oxygen- 
acid      J  1  Oxygen 

12  Chromium 


r  escape 


1  Sesqnioxide  of 
cluromium 


Or  thus  in  chemical  symbolic  notation — 

2(HgjO,  CrOa)  =  Cr^Oa  +  4Hg  +  50. 

Remark. — ^The  chromate  of  sub-oxide  of  mercury  here  referred  to  is  prepared  by 
mixing  together  solutions  sub-nitrate  of  mercury  and  of  chromate  of  potash.  The  red 
precipitate  which  falls  is  the  substance  imder  consideration. 

(2)  By  the  calcination  of  bichromate  of  potash  with  charcoal,  sugar,  starch,  or 
generally  any  organic  body  rich  in  carbon ;  and  lixiviating  the  product  with  water. 
The  decomposition  which  ensues  is  represented  as  follows  by  a  diagram,  and  by 
chemical  symbolic  notation : — 


Carbon - 
Carbon 


Bichromate/' 2  Potash - 
of 


potash 


4  Chromic 
acid 


r  1  Carbonic  acid 
2  Carbonic  \  2  Carbonate 

acid      V  of 
)       potash 


2  Oxygen 
4  Oxygen 
6  Oxygen     ^  2  equivalents  of 
>  sesqnioxide  ofj 
^4  Chromium)      chromium.' 


2(K0,  2Cr03)  -^-30  =  2(E:0,  CO,)  +  CO.  +  2Cr303 

(3)  By  calcining  one  part  of  bichromate  of  potash  and  about  two  parts  sulphur,  a 
mixture  of  sulphate  of  i)otash  and  sesqnioxide  of  chromium  is  obtained.  On  treating 
this  with  water,  the  alkaline  salt  dissolves  out,  and  the  chrome-oxide  is  isolated.  It 
will  be  seen  that  in  this  operation  the  sulphur  acts  the  part  of  carbon  in  the  preceding 
decomposition ;  both  have  a  strong  affinity  for  oxygen,  and  remove  that  element  from 
tiie  chromic  acid  contained  in  the  bichromate  ;  carbon  yielding  a  carbonate  under  these 
circumstances,  sulphur  a  sulphate.  Oxide  of  chromium  prepared  by  thia  process  is 
frequently  contaminated  by  a  little  sulphur,  which,  however,  may  be  buined  away  in 
the  condition  of  sulphurous  acid,  and  the  exile  left  pure. 
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The  decompoBition  which  results  from  the  preoe^g  operation  is  thus  repre- 
sented : — 

^  S^P^^  7^  ^''ff '}  1  S^phate  of 

1  Bichromate  ri  Potash yl )         P°**^^ 

potash      (  2  Chromic  f  3  Oxygen^ 

acid     J3  Oxygen      ) 

I  VI  Sesquioxide  of 

V2  Chzomium  )         ohromxum 

KO/2Cr03  +  S  =  CrA  +  KO,  SO3 

Remark. — An  excess  of  sulphur  over  and  ahoye  the  theoretical  atomic  proportion  is 
requisite  in  conducting  this  operation,  in  as  much  as  a  portion  becomes  Tola4dlized,  thus 
taking  no  part  in  the  subsequent  action. 

(4)  By  heating  bichromate  of  potash  to  whiteness  the  salt  is  decomposed,  oxygen; 
being  evolved,  and  neutral  chromate  of  potash  mixed  with  sesquioxide  of  chromium 
remaining.  The  neutral  chromate  of  potash  being  soluble  in  water,  and  the  sesqui- 
oxide of  chromium  insoluble  in  that  medium,  separation  of  the  two  can  be  readily 
effected.    The  decomposition  is  thus  represented : — 

(3  Oxygen escape 

(2  Chromic  acid  ■<  3  Oxygen  \  1  Sesquioxide  of 

2  Bichromate  of  potash^  (2  Chromium        J       Chromium 

'  2  Chromie  acid >  2  Chromate  of 

.2  Potash J        Potash 

Or, 

2(KO,2Cr03)  =  Cr^Oa  -f  30  -f-  2(KO,Cr03). 

(5)  By  heating  chromate  of  potash  to  redness  in  a  tube  of  porcelain,  and  transmit- 
ting over  it  a  current  of  chlorine.  Chlorine  by  abstracting  and  combining  with  potas- 
sium forms  chloride  of  potassium ;  and  chromic  acid  being  unable,  under  the  eonditions 
of  the,  experiment,  to  exist  alone,,  is  decomposed  into  oxygen  and  sesquioxide  of  chro- 
mium. 

2  Chlorine 7  2  Chloride  of  potassium 

52  Potassium 
2  Oxygen  > 
2  Chromate  of  J  ,^  V  Escape 

potash^      "2  Chromic  f?oSfp^  ^  ) 

^       *^«^^       ( 2  cKfmhim  \  ^  Sesquioxide  of  chromium 

Or, 

2(K0,Cr03)  -h  2a  =  2KC1  +  Cr^Oa  +  30. 

(6)  By  transmitting  the  vapour  of  chlorO'ehrmnie  acid  (a  preparation  to  bo  here- 
after described)  through  a  red-hot  porcelain  tube.  The  sesquioxide  prepared  by  this 
method  is  obtained  in  crystals  of  extreme  beauty.  Their  colour  is  very  dark  green, 
almost  black,  and  of  sufficient  hardness  to  scratch  glass.  In  f6rm  they  are  octahedral 
— isomorphous  with  native  silicate  of  alumina,  or  corundum.     The  decomposition 
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which  ensues  when  chlorochromic  acid  is  transmitted  through  the  red-hot  tube  is  as 
follows : — 


2  Chlorochromic 
acid 


2  Chlorine- 
1  Oxygen - 


~  I  Escape 


3  Oxygen      ^  1  Sesquioxide  of  chro- 
2  Chromium  J  mium 


Or, 

2Cr02Cl  =  CrgOj  +  2C1  +  0. 

Salts  of  Sesquioxide  of  Chromium.— "Wq  have  seen  that  the  sesquioxide  of  chromium 
is  green,  a  colour  which  it  imparts  to  flame ;  and  here  arises  an  important  qualitative 
distinction,  one  especially  useful  a  blowpipe  indication  of  the  metal,  and  of  frequent 
application  to  the  arts  of  porcelain  and  glass-painting.  A  combination  of  sesquioxide  of 
chrome,  lime,  and  stannic  acid  is  also  employed  as  beautiful  red  pigment.  Although 
acids  combine  with  this  oxide,  they  do  this  readily  only  under  particular  circumstances, 
namely,  whilst  it  is  hydrated,  or  before  it  has  been  strongly  heated ;  after  this  only 
strong  acids  combine  with  it,  and  with  considerable  difficulty. 

Upon  the  whole  it  is  rather  an  acid,  than  a  basic  substance ;  it  combines  with 
several  bases,  of  these  the  protoxide  of  iron  furnishes  the  most  remarkable  example 
constituting  the  mineral  known  by  the  name  of  chromate  of  iron,  or  more  properly  ekronu 
iron.  The  constitution  of  this  body  is  FeO  Cr,  O3.  It  sometimes  occurs  crystallized 
in  regular  octahedrons,  being,  therefore,  the  analogue  of  magnetic  oxide  of  iron,  and  the 
spinelle  ruby.  More  frequently,  however,  it  occurs  in  t^o  amorphous  state.  Its 
principal  localities  are  LancaiQiire  and  Cheshire  counties,  Pennsylyania,  Sweden, 
and  the  Uralian  mountains. 

Salts  of  sesquioxide  of  chrome  may  be  recognized  by  the  following  general  charac- 
teristics. With  many  acids  it  forms,  as  I  have  remarked,  two  series  of  salts,  the  green 
and  the  violet-coloured.  There  are,  for  example,  a  green  and  a  violet  sulphate,  each 
of  which  yields  a  precipitate  of  distinct  hue  when  ammonia  is  added ;  that  of  the  green 
sulphate  being  bluish,  the  other  greenish.  Solutions  of  potash  and  of  soda  produce 
an  almost  similar  effect.  Alkaline  carbonates  yield  with  both  varieties  a  greenish 
precipitate.  Hydrosulphates  yield  a  black  precipitate ;  but  hydrosulphuric  acid  none. 
Fused  with  borax  the  sesquioxide  of  chromium,  like  the  protoxide  of  that  metal,  yields 
a  blue  glass ;  and  fused  with  alkaline  carbonates  or  nitrates,  alkaline  chromates  are 
developed,  known  by  the  yellow  colour  of  their  solutions. 

Chrome  Alutns. — Sesquioxide  of  chromium,  having  the  same  atomic  constitution 
with  sesquioxide  of  iron,  and  sesquioxide  of  alumina,  and  being  moreover  isomor- 
phous  with  these,  may  take  their  place  in  chemical  combinations.  Hence,  we  have  the 
interesting  bodies  chrome  alums.    Three  of  these  are  known,  as  follows : — 

Potash— Chrome  alum    ....    CrjOsSSOj  +  K0,S03 +24HO 
Soda— Chrome  alum  -    .     .     .     .     Cr^OaSSO,  -f  NaOjSO.,  +  24HO 
Ammoniar-Chrome  alum    .     .    .    Cr^OjpSSOa  +  (NH8,H0)S03  +  2420 

Chromic  Acid, 

Preparation. — There  are  several  methods  of  preparing  chromic  acid ;  but  the  meet 
simple  is  the  following : — Four  parts  of  bichromate  of  potash  powdered  are  gradually 
mixed  with  three  of  concentrated  sulphuric  acid  at  a  temperature  of  from  130**  Fah.  to 
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140  Fah.  The  resnlt  of  this  operation  is  bisulphate  of  potash  which  remains  in 
solution,  and  crystals  of  chromic  acid  which  deposit  on  cooling.  The  crystals  are  to 
be  drained  from  much  of  their  adherent  sulphuric  acid  by  being  placed  in  a  funnel 
supplied  with  a  loosely  fitting  plug  of  asbestos,  and  finally  drained  dry  by  spreading 
them  on  porous  porcelain.  Still  they  retain  a  little  sulphuric  acid :  they  should,  there- 
fore, be  re-dissolved  in  a  small  quantity  of  water,  solution  of  chromate  of  baryta  added, 
until  a  precipitate  no  longer  takes  place,  and  recrystallized  by  evaporation  in  vacuo. 

IVopertiea. — Crystals  of  chromic  acid  have  a  beautiful  red  colour  when  cold,  but 
when  heated  this  colour  deepens  almost  to  blackness.  If  the  heat  be  increased  short 
of  redness,  the  chromic  acid  decomposes  into  sesquioxide  of  chromium,  and  oxygen. 
Chromic  acid,  on  account  of  the  amount  of  oxygen  which  it  contains,  and  the  facility  with 
which  the  latter  is  evolved,  is  a  powerful  oxidising  agent.  Thus,  when  mixed  with 
alcohol,  sugar,  or  one  of  many  other  carbonaceous  substances,  it  suffers  decomposition, 
and  sesquioxide  of  chromium  is  generated ;  the  change  being  indicated  by  the  occurrence 
of  a  green  colour.  Treated  with  hydrochloric  acid,  sesquichloride  of  chrome  results, 
and  chlorine  is  evolved,  in  accordance  with  the  following  diagram  and  formulas. 

A  ni,i«„-„«   J3  Chlorine  •  ...  are  evolved 

2  Chromic  acid  { e^  ^^^I^^. 6  Water 

2  CrOjj  +  6  HCl  =  Cr^Clj  +  6H0  +  3C1. 

Chromic  acid  unites  with  sesquioxide  of  chromium  in  several  proportions  ;  but  the 
resulting  compounds  have  not  been  much  studied. 

Chromic  Acid  tpith  Bases  {Chromates). 

Chromic  acid  we  have  seen  to  be  isomeric  with  sulphuric  acid ;  in  other  words,  it  has 
a  similar  atomic  constitution.  It  readily  combines  with  most  bases,  yielding  compounds 
isomorphous,  or  belonging  to  the  same  crystalline  system,  with  the  sulphates.  All  the 
metallic  chromates,  with  the  exception  of  those  of  lime,  strontia,  magnesia,  are  insoluble, 
or  nearly  so.  Chromic  acid  furnishes  two  well  characterized  series  of  salts,  neutral 
chromates  and  bichromates ;  the  former  yellow,  the  latter  orange.  Both  yield  a  yellow 
precipitate  with  salts  of  lead  and  bismuth  ;  red  with  those  of  mercury ;  and  very  deep 
red  with  those  of  silver.  Similarly  to  uncombined  chromic  acid,  the  chromates  are 
decomposed  into  sesquioxide  of  chromium,  and  a  chloride  of  the  radical  of  the  base — 
when  heated  with  hydrochloric  acid. 

Perchromic  Aeid» 

Preparation. — By  adding  peroxide  of  hydrogen  to  chromic  acid  the  latter  is 
raised  to  a  higher  state  of  oxygenation,  and  becomes  perchromic  acid,  which  may  be 
dissolved  in  ether,  but  which  has  never  been  isolated  nor  obtained  in  combination  with 
bases. 

Properties. — Solutions  containing  perchromic  acid  possess  a  beautiful  blue  tint. 

Chromium  with  Chlorine  {Chlorides  of  Chromium), 
Of  these  compoimds  two  are  known,  MhQ  protochloHde  ^ndi^Q  sesquichloride;  cor- 
responding with  the  protoxide  and  the  sesquioxide  respectively. 
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Betqmchloriie  «/  Oht^miuHU 

Prepuration.^TTedKtLy  like  chlotide  of  almniniuin,  already  described  tpage  427). 
It  condenses  in  tke  fimn  ef  cryi^tids,  having  a  light  pink  colour,  in  the  cool  portion 
(^  the  tube. 

Propertia.^Xitxito  insoluble  In  cold  xvnter,  but  boiling  water  takes  up  a  little 
generating  a  gteen-coloured  solution.  In  water,  however,  holding  a  faint  trace  of  the 
compound,  neict  to  be  described^-protocbloride  of  chromium — in  BolUtion,  I3x6  sesjiui- 
chloride  readHy  dissolves,  with  the  evolution  of  much  heat. 

l^r$ioeklorHde  tf  Ckromium^ 

J*rtpot^fi<m.«-**By  tr&nsmlttang  hydrogen  gas  ifm  anhydrcras  seaqvdclUorifike,  heated 
to  redness  in  a  porcdtdn  tube. 

PropirttBf.^—^  wMte  compormd,  soltrble  in  witter,  -fhewslutiMi  %ei!ig  %liie,  nqiidly 
absorbing  oxygen  'ftrmn  "^e  air,  and  becomittg  wttfeited  into  fftjnYAoiA^id,  lAe 
Bolulions  of  pr(/tochloride,  and  of  sesquicftilonde  t>f  iron,  feolntiotts  of  pntoekftoride  of 
chromium  have  the  propef^ty  of  tibsorbing  binonde  of  tiitrogen. 

Chlorim  with  Chrmmmm  and  Oxyg^m — Cfkkrftehromie  Acid. 

Preparation.^^fitaB  in  an  earthen  'crudUe  "a  mixture  of  10  parts  by  weight  of 
chloride  of  sodium  with  17  parts  of  bichromate  of  potash,  pour  the  fused  mass  on  a  flat 
stone  or  metallic  sheet ;  break  it  when  cold,  and  distQ  it  in  a  rtfknt  <w)Ch  ^  parts  by 
weight  of  strong  sulphuric  Acid.  GhloMchromic  -amd  is  evolved,  and  may  be  con- 
densed in  a  receiver  kept  cold  with  ice. 

TroperiieB, — A  deep-redlhiid,  to  much  like  Wmine  in  isppearance,  that  it  is  not 
easy  to  distinguish  one  from  the  other.  Specific  gravity  l*7l-;  %ffii»g  ^Miint,  248* 
Fah.  It  is  decomposed,  by  contact  with  water,  into  -chromic  and  hydrochloric  add, 
according  to  the  following  scheme. 

1  CUwooli««io  n  fcl"" -^=^^  ^'^"^o  "^^ 


T  Wrffi^r       P  Oxygen  — ^     ^^v. 

1  -vYawr        ^  J  Hydrogen  ^^1  Hydrochloric  acid 

CrOjCl  4-  HO  ^  CrO,  +  HCl. 

Contpounds  of  Chromium  with  ^tUphur  and  Nitrogen, 
A  sulphurct  or  sulphide  of  chromium  may  be  produced  by  transmitting  Che  vapour 
of  bisulphide  of  carbon  over  sesquioxide  of  chrome  heated  to  redness  in  a  tube  of 
porcelain.  The  substance  has  a  orystalUne  .aspect,  somewhat  resembling  native 
graphite  in  appearance.  Its  composition  is  represented  by  the  fermnla  Oi^  S,.  A 
compound  of  chromium  with  nitrogen  may  be  formed  by  heating  sesquichloride  of 
chromium  in  ammoniacal  -gas.  It  occurs  as  a  brown  ^wdei^  the  atomic  coo^position 
of  which  has  not  been  determined. 

TflCldtL. 

Atomic  or  equivalent  weight ^       <.     =  29*6 

Specific  gravity :=:    8*8 

Hiitory  and  Natural  .Btslory.-^NidBol  was  ivcognijted  as  «  dktlaot  <m0tal  by 
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Cronstadt  and  Berg^moiui  in  1751.  It  is  obtained  irom  an  ore  termed  hy  the  Germani 
Knpfer  niehel,  or  false  copper,  because  it  somewliat  resembles  a  copper  ore  in  general 
appearance,  but  contains  none.  Whon  the  ore  in  question  was  found  to  contain  a  new 
metal,  the  term  nickel  was  retained.  Nickel  is  also  obtained  from  a  commercial  article 
termed  speiss,  being  the  residue  of  the  ore  from  which  cobalt  is  extracted.  Both 
Ki^for  nickel  and  Speiss  are  arseniurets  of  the  metaL 

Nickel  is  isolated  from  the  arsenic  with  which  it  is  associated  in  the  preceding  com- 
pounds by  the  following  treatment  The  ore  is  first  dissolved  in  a  mixture  of  dilute 
nitric  and  sulphuric  acids.  The  nitric  acid  converts  the  arsenic  into  aisenious  acid, 
and  nickel  being  changed  into  oxide  of  nickel,  unites  with  sulphuric  acid  and  forms 
sulphate  of  oxide  of  nickeU  The  liquor  is  now  evaporated,  when  most  of  the  arsenious 
acid  crystallizes  and  is  deposited.  Carbonate  of  potash  is  now  added,  and  the  solution 
being  crystallized  yields  a  double  sulphate  of  nickel  and  potash.  This  salt  may  at  first 
be  slightly  contaminated  with  arsenic,  iron,  and  copper;  by  solution  and  crystallization 
twice,  or  three  times,  it  may  be  completely  freed  from  the  former  metal.  Copper  may 
be  separated  by  precipitation  with  hydrosulphuric  acid  (which  neither  throws  down  iron 
or  nickel),  and  finally,  nickel  oxide  may  be  obtained  free  from  oxide  of  iron  by  the 
action  of  liquor  ammoniflo,  which  dissolves  the  former,  but  leaves  the  latter  intact. 
Oxalic  acid  precipitates  the  oxide  of  nickel  from  its  aromftniacal  solution  in  the  con- 
dition of  oxalate  of  nickel;  which  being  heated  leaves  metallic  nickel.* 

I^'eparation, — One  method  of  obtaining  nickel  in  the  metallic  state  has  just  been 
described,  rt2.,  by  decomposing  the  oxalate  of  nickel  by  heat  A  degree  of  heat  short 
of  redness  suffices  to  effect  this  decomposition,  but  the  resulting  nickel  only  aggregates 
into  a  metallic  button  when  the  heat  applied  is  intense.  If  the  metal  be  required  in 
this  condition,  portions  of  dried  oxalate  are  to  be  rammed  into  a  chaicoel-lined  earthen 
crucible,  and  exposed  for  not  less  than  two  hours  to  the  strongest  blast  of  a  sonth's 
forge.  Metallic  nickel  may  also  be  obtained  in  a  spongy  state  by  transmiitting  a  ouiv 
rent  of  hydrogen  gas  over  oxide  of  nickel  heated  to  redness  in  a  porcelain  tube;  or  in 
the  condition  of  metallic  button  by  exposing  the  oxide,  mixed  with  sugar,  starch,  char- 
coal powder,  or  other  carbonaceous  materials  to  the  highest  heat  oi  a  smith's  forge  in  a 
charcoal-lined  crucible.  Nickel  produced  by  the  operation  last  mentioned  is  carhuretud^ 
OTf  in  other  words,  holds  in  combination  a  small  portion  of  carbon ;  it  tibierefore  has  ths 
same  relation  to  pure  nickel,  that  cast  iron  and  sted  have  to  pure  icon. 

Properties, — Nickel  is  a  white  metal,  inclining  to  gray,  very  magnetic  at  ordinary 
temperatures,  but  loses  that  property  when  heated  to  400°  Fah.  Its  surfiice  bears  a 
high  polish,  and  does  not  tarni^  much  by  exposure  to  ordinary  atmospheric  agencies 
at  common  temperatures;  when  heated,  however,  its  surfEUie  becomes  covered  with  an 
oxide.  Its  proper  oheuiical  solvents  are  hydrochloric  and  sulphuric  acids.  Nickel, 
when  obtained  as  a  metallic  button,  has  the  aspect  of  a  brittle  metal ;  it  is,  however, 
malleable  to  some  extent,  and  may  be  drawn  out  into  wire. 

Cbmpounds  of  nickel  with  oryycw.— Oxides  of  Nickel, — Of  these  compounds  two  are 
known :  the  protoxide  and  sesquioxide  of  nickel 

Protoxide  of  Nickel, 

Preparation  ami  properties.-^When.  a  solutton  of  potash,  or  of  JM>da,  is  added  to  any 

protosalt  of  nickel,  the  protoxide  of  that  metal  in  the  hydmted  state  is  thrown  down* 

The  latter  being  exposed  to  heat  in  a  close  vessel,  yields  anhydEous  protoxide  of  nbkeL 

It  may  also  be  obtained  by  calcining  the  hydrated  earlxmate  of  nickel,  in  place  of  the 


452  COBALT. 

hydrated  oxide  of  that  metal ;— or  finally,  by  decomposition  of  the  nitrate  at  a  Tery 
high  temperature.  Hydrated  protoxide  of  nickel  has  a  beautifal  green  cotoor^  anhy- 
droiis  oxide  of  nickel  is  gray  or  brown. 

JSetguioxiiU  ofNiekeL 

Preparation  and  prqpertiea, — This  oxide  may  be  generated  by  snspencSng^  the  pro- 
toxide in  water,  and  either  transmitting  through  it  a  current  of  cMorine,  or  boiling  it 
with  a  solution  of  commercial  chloride  of  lime.  It  is  a  black  powder,  which  erolTeB 
oxygen  when  heated,  and  leayes  protoxide.  It  does  not  form  any  weU-defiiied  and 
permanent  salts. 

Charaeteristie  qualities  of  nickel  solutions,  sspeeialfy  solutions  of  the  protoxide, — The 
solutions  of  nickel  which  usually  occur  in  the  course  of  mineral  analysis,  are  of  the 
protoxide  or  the  protodiloride,  which  latter  belongs  to  the  same  practical  category 
with  the  former.  All  these  solutions,  and  the  salts  crystallized  out  of  them,  are 
characterized  by  a  green  tint ;  in  this  respect  presenting  some  analogy  to  the  salts 
of  copper,  and  certain  protosalts  of  iron ;  the  green  tint,  however,  of  nickel  salts  is  far 
more  decided  than  of  the  former.  Nickel  solutions  yield  no  precipitate  with  hydro- 
sulphuric  acid;  in  which  respect  they  resemble,  amongst  calcigenous  metals,  the 
solutions  of  iron,  cobalt,  manganese  and  uranium.  With  hydrosulphate  of  ammonia, 
and  the  hydrosulphates  generally,  a  black  precipitate  is  finiiished.  Ferrocyanide  of 
potassium  generates  a  whitish  precipitate,  and  solution  of  ammonia  a  green  precipitate, 
re-dissolyed  by  adding  excess  of  ammonia,  and  then  generating  a  deep  blue  liquid ;  by 
the  last  two  characteristics  nickel  solutions  will  be  seen  heret^r  to  assimilate  them- 
selres  to  those  of  copper.  Carbonates  of  alkalies,  also  alkaline  srseniates  and  phos- 
phates, throw  down  a  pale  green  precipitate. 

Oxyffen  Salts  o/Jftc^.— Of  these,  the  sulphate  of  the  protoxide  of  nickel  is  the  best 
defined  and  the  most  beautiful;  it  may  be  readily  prepared  by  saturating  dilute 
sulphuric  acid  with  protoxide  of  nickel  and  evaporating  the  solution.  If  the  solution 
be  only  evaporated  until  a  pellicle  forms  on  its  surface,  and  set  aside  to  crystallize, 
the  resulting  crystals  hold  seven  equivalents  of  water  of  crystallization ;  but  if  the 
evaporative  process  be  continuous,  the  resulting  crystals  only  contain  six  equivalents  of 
water  of  crystallization.  In  both  conditions  of  hydration  the  crystals  of  sulphate  of 
nickel  are  very  beautiful.    Their  colour  is  an  intense  grass-green. 

Alloys  of  Niehel. — The  most  important  of  these  alloys  is  German  silver,  a  material 
now  in  extensive  use  as  a  substitute  for  silver  itself.  German  silver  is  composed  of 
100  parts  copper,  60  of  zinc,  and  10  of  nickel.  The  chief  employment  of  Grerman 
silver  at  this  time  is  as  a  body  on  which  pure  silver  or  gold  may  be  deposited  by  the 
operation  of  electrotyping.  For  this  purpose  it  answers  well ;  but  the  most  casual 
observation  suffices  to  distinguish  the  metal  from  silver,  when  not  thus  disguised. 

COBALT. 

Equivalent  or  atomic  weight    .     .    .    29*5 
Specific  gravity 8*5 

History  and  Natural  History. — Cobalt  was  first  recognized  as  a  distinct  metal  by 
Brandt  in  1733.  It  ocoors  associated  with  nickel,  from  which  it  can  only  be  separated 
completely  by  tedious  analytical  processes. 

Preparation. — ^The  processes  had  recourse  to  for  obtaining  nickel   in  the  pore 
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metallio  state,  so  exactly  resemble  those  already  described  for  obtaining  cobalti  that 
any  farther  description  of  them  is  unnecessary. 

Prop&rttM.^^J^helt,  when  obtained  fh>m  its  oxide  decomposed  by  a  current  of 
hydrogen  gas,  at  a  low  fumaoe  temperature,  is  a  gray  powder,  which  takes  fire  on 
coming  into  contact  with  the  atmof^here,  and  is  converted  into  oxide ;  by  effecting 
the  same  decomposition  at  a  high  temperature  the  resulting  cobalt  is  still  pulverulent, 
but  no  longer  pyrophoric  When  obtained  by  the  decomposition  of  the  oxalate  of 
cobalt,  ia  contact  with  carbonaneous  matter,  and  at  a  high  temperature,  the  resulting 
cobalt  occurs  in  the  form  of  a  metallic  button,  having  the  lustre  of  steel,  bearing  a 
polish,  very  brittle,  having  the  magnetic  property  in  a  very  high  degree,  and  less 
oxidisable  than  iron  when  exposed  to  the  influence  of  a  moist  atmosphere.  The  proper 
solvents  for  cobalt  are  the  sulphuric  and  the  hydrochloric  acids,  with  either  of  which 
it  yields  a  solution,  hydrogen  gas  being  evolved. 

Cobalt  with  Oxygen, 

Oxidei  of  OobalL — There  are  two  known  oxides  of  cobalt,  both  capable  of  yielding 
salts  by  union  with  acids ;  they  are  the  protoxide,  CoO,  and  the  sesquioxide,  C02O3. 

Protoxide  of  Cobalt. 

Oeneral  Bemarks. — All  ordinary  salts  of  cobalt  contain  either  the  oxide  or  its  cor- 
responding haloid  radical,  the  salts  of  which  may,  for  the  most  part,  be  recognized  by 
their  red  or  roseate  colour;  some  are  red  only  when  diluted  to  a  certain  point  This 
remark  applies  for  instance  to  the  protochloride  of  cobalt,  the  solution  of  which 
assumes,  on  being  concentrated,  a  beautiful  azure  tint,  but  is  red  when  diluted.  The 
difference  of  tint  in  this  example  may  be  the  result  of  difference  between  hydration 
and  dehydration;  it  may,  with  equal  probability,  be  referable  to  allotropism,  an 
assumption  which  is  rendered  probable  by  the  demeanour  of  crystallized  chloride  of 
cobalt  at  various  degrees  of  temperature.  Whilst  cold  this  substance  is  red,  but  when 
heated  it  becomes  blue ;  no  loss  of  water,  however,  takes  place,  nor  is  any  other 
change  of  chemical  oomposition  recognizable.  This  mutation  of  colour  effected  by  the 
chloride  of  cobalt,  has  suggested  its  employment  as  a  sympathetic  ink.  If  letters  be 
traced  with  a  weak  solution  of  chloride  of  cobalt,  they  are  at  first  invisible,  because 
the  rose-coloured  modification  of  the  salt  is  not  sufficiently  pronounced  to  be  apparent ; 
by  heating  the  paper,  however^  the  cobalt  solution  becomes  concentrated,  when 
assuming  its  blue  tinge  the  letters  written  with  it  are  easily  seen.  By  allowing  the 
paper  to  cool,  the  blue  colour  vanishes,  and  by  heating  it  reappears ;  changes  which 
may  be  determined  indefinitely,  provided  the  degree  of  heat  employed  be  not  too 
considerable. 

Preparation.— The  protoxide'  of  cobalt  in  combination  with  water,  or  "  hydrated^** 
may  be  obtained  by  treating  any  protosalt  of  cobalt  with  a  solution  of  potash  or  soda, 
or  of  ammonia,  provided  the  cobalt  salt  do  not  contain  excess  of  acid.  The  hydrated 
protoxide  thus  produced  is  a  light  blue  precipitate.  When  heated  strongly  the  water 
of  hydration  is  evolved,  and  the  gray  anhydrous  protoxide  remains. 

Baits  of  Protoxide  ofCobali.—AR  the  protosalts  of  cobalt  admit  of  preparation  by 
the  direct  neutralization  of  it  with  acids,  and  evaporation  of  the  residue.  Many  can 
also  be  prepared,  by  processes  not  so  direct,  from  ores  of  cobalt,  especially  the  native 
arseniuret  of  cobalt,  termed  cobalt  glance.  When  a  pure  salt  of  cobalt  is  desired  from 
oobalt  glance,  the  liU^ter  should  be  chosen  free  from  nickel,  with  which  it  is  frequentiy 
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•flioeiated.  The  cobalt  ore  from  Tiniaberg,  in  Sweden,  being  purest^  it  best  adapted 
to  the  purpose :  it  may  be  treated  by  either  of  the  two  foUowing  proccaaoe : — 

Pyoo$9s  1.— >The  pulverized  ore  is  'spread  on  a  muffle,  and  heated  nntQ  aD  its 
milphur  has  [been  converted  into  sulphurous  acid  and  evolved,  and  a  oensidenible 
portion  of  its  arsenic  has  been  also  evolved  in  the  form  of  arsemous  acid.  Simid- 
taneously  with  the  ev<^ution  of  one  part  of  the  arsenic  as  arsemons  aeid,  another  part 
unites  with  ostygen,  and  becomes  converted  into  arsenic  acid ;  which  latter  no  sooner 
forms  than  it  combines  with  the  cobalt  (which  has  by  this  time  become  oxidiRd), 
forming  arseniateof  cobalt.  At  length  the 'evolution  of  arsenious  acid  eeaaea^  in^ien 
the  operation  is  advanced  another  stage ;  the  material  is  mixed  widi  eharcoal  powder, 
and  the  current  of  atmospheric  air  intercepted  by  closing  np  the  muffle.  Tlie  ohareoal, 
by  virtue  of  its  deoxidising  property,  converts  the  arseniate  into  the  araeniuret,  which, 
on  throwing  open  the  muffle,  is  converted  into  arsenious  aeid,  whidi  in  its  turn 
escapes.  Theoretically,  the  wJiole  of  the  arsenic  should  be  capable  of  separation  by 
the  methods  indicated ;  but  practically  this  is  not  the  case.  The  last  traces  of  arsenic 
are  usually  removed  by  roasting  the  cobaltic  product  with  carbonate  of  sods  and  nitre, 
by  which  treatment  the  arsenic  forms  arsenic  acid,  which  in  its  torn  MBSiediatdy 
imites  with  the  soda,  forming  carbonate  of  soda.  Inasmuch  as  arseniate  of  soda  is 
soluble  in  water,  whereas  oxide  of  cobalt  is  not,  the  means  of  effecting  their  separa- 
tion is  obvious.  Nevertheless,  oxide  of  cobalt  thus  produced  is  rarely  or  eTer  pure, 
usually  being  mixed  with  oxide  of  iron.  It  should,  therefore,  be  dissolved  in  nitric 
acid,  the  excess  of  acid  driven  off  by  evaporation,  the  pemitrate  of  iron  redissolved 
in  water,  and  the  peroxide  of  iron  thrown  down  by  carbonate  of  soda ;  after  which 
the  oxide  of  cobalt  may.be  thrown  down  as  oxalate  by  the  addition  of  oxalic  acid,  or 
as  protoxide  by  treatment  with  solution  of  potash  or  of  soda. 

Froeess  2. — Instead  of  the  operation  just  described,  the  powdered  cobalt  glance 
may  be  incorporated  with  sulphur  and  carbonate  of  soda,  and  the  mixture  ignited 
in  a  crucible,  by  which  treatment  a  button,  composed  of  a  mixture  of  sniphuret  of 
cobalt,  arseniuret  of  cobalt,  and  sulphuret  and  arseniuret  of  sodium  results.  This 
button,  being  comminuted  and  digested  with  wcoi:  oil  of  vitriol,  hydrosulphurio  add 
is  evolved,  and  solution  of  sulphate  of  cobalt  remains,  which  deposits  crystals  of  that 
salt  on  evaporation. 

Sulphate  of  OohaU. — This"  beautiful  salt  may  either  be  obtained  indirectly  by  the 
process  last  described,  or  directly  by  saturating  sulphuric  acid  with  oxide  of  eobah,  and 
subsequently  evaporating.  The  salt  may  be  obtained  either  holding  seven  or  six 
equivalents  of  water  of  crystallization,  dependent  on  the  temperature  employed  in  the 
evaporative  operation. 

Nitrate  of  Cobalt  may  easily  be  formed  by  the  direct  process.  When  heated,  pro- 
toxide of  cobalt,  generally  mixed  with  a  variable  portion-  of  peroxide,  remains. 

Oxalate  of  CobcUt  is  an  interesting  salt,  on  accoimt  of  its  tendency  to  insolubility  in 
various  solutions ;  thus  furnishing  a  means  of  throwing  down  oxide  of  cobalt  from  cer- 
tain mixed  solutions.  Oxalate  of  cobalt  occurs  in  the  form  of  rose-tinted  crystals  when 
solution  of  oxalic  acid  is  added  to  solution  of  sulphate,  nitrate,  or  chloride  of  cobalt. 

Combtnatio9is  of  Cobalt  frith  Silieie  Acid  and  Silieaies. — Silicic  acid  unites  by  fusion 
with  oxide  of  cobalt,  and  forms  silicates  of  that  base.  The  silicates  of  cobalt,  how- 
ever, are  of  much  less  interest  and  importance  than  the  double  silicate  of  cobalt  and 
potash,  to  which  the  term  smalt  is  applied.  Smalt  has  a  light  blue  colour,  and  is 
extensively  prepared  in  Saxony  and  elsewhere  as  a  pigment  by  heating  the  roasted 
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sfttiTd  arsenioHmlpliiuret  of  oobak  witk  smceous  sand,  and  carbooate  of  potash  ia.  large 
eraoiUea.  Tk»  bikiM  mats  ratultiBg  from  tbia  opontioa  ia  broken,  then  finely  powdered, 
and  lastly  nporated  from  all  coai^ar  particlea  by  sn^nsioB  in  water.  ZafQre  is  a 
kind  of  iuperiof  aaialt. 

OtMt^Vitifamttnne^  or  TbmMrtts  Bfue^  is  made  by  mixing  hydrate  of  alumina 
wHk  phosphate  ef  cobalt^  and  heating  tha  mixture  Ikk  redness  in  erueibles  holding  a 
little  peroxide  of  meieuyy,  which  latter,  by  erolying  oxygen,  improves  the  colour  of 
the  resulting  oompound. 

Omteraf  ChmwUriBika  of  (Malt  in  SohtUon  (Pr^AMafts).— (1)  The  «Mt  striking  test 
of  cobalt  in  any  state  is  the  magnificent  blue  tint  it  imparts  to  glass.  Salt  and  zaffire, 
in  point  of  fact,  are  merely  glasses  cdoured  bhie  with  cobalt.  For  the  purpose  of 
dereloping  this  colour  as  a  qualitative  test  of  the  existence  of  cobalt,  bonoc  is  usually 
the  material  chosen  fbr  colouration.  A  platinum  wire  being  bent  into  a  small  loop  is 
moistened,  dipped  in  powdered  borax,  and  heated  to  redness  in  the  blow-|dpe  flame, 
when  a  colourless  bead  results.  The  bead  is  new  moistened,  dipfed  into  «  iolution  of 
cobalt,  or  a  powder  containing  that  metal,  and  again  heated  to  xedaeas^  when  the 
beautifbl  b\ue  tint,  so  indicative  of  the  presence  of  cobalt,  is  immadiately  a|^p«reiit. 

(2)  Potash  solution  throws  down  the  bine  hydrated  protoxida  oC  cobalt,  the  tint  of 
which  alters  to  red  on  the  application  of  heat. 

(3)  Ammonia  throws  down  a  blue  precipitate  soluble  in  e9;oeM  of  ammonia,  the 
solution  being  brown. 

(^)  Solution  of  carbonate  of  potash  of  soda,  or  of  ammonia,  throws  down  the  pinkish 
carbonate  of  cobalt.  If  carbonate  of  ammonia  be  employed,  the  precipitate  thrown 
down  is  soluble  in  excess  of  the  reagent. 

(5)  Hydrosidphuric  acid  yields  no  precipitate,  or  alteration  of  colour,  with  solu- 
tions of  cobalt ;  but  hydrosulphate  of  aomionia  (sulphide  of  ammonium)  yields  a  black 
precipitate. 

(6)  Ferrocyanide  of  potassium  throws  down  the  ferrocyanide  of  cobalt,  having  a 
doll  green  colour. 

Sesquioxidi  of  CohdU, 

Preparation, — Hydrated  protoxide  of  cobalt  is  suspended  in  water,  and  a  current  of 
chlorine  transmitted.  By  this  treatment  one  portion  of  the  oxide  is  decomposed,  its 
metal  uniting  with  chlorine  to  form  a  chloride,  and  its  oxygen  uniting  with  another 
portion  of  protoxide  to  form  sesquioxide  of  cobalt,  which  is  thrown  down.  If,  now,  to 
the  liquor  holding  protochloride  of  cobalt  in  solution  potash  be  added,  the  cobalt  which 
it  contains  will  be  thrown  down  as  protoxide,  and  this  by  farther  treatment  with 
chlorine  may  be  made  to  yield  another  portion  of  sesquioxide,  and  so  on  by  repeating 
the  operations  until  the  cobalt  has  been  wholly  obtained  in  the  state  of  sesquioxide. 
An  easier  method  of  obtaining  the  whole  amount  of  cobalt  in  the  condition  of  sesqui- 
oxide consists  in  using  a  solution  of  alkaline  hypochlorite  instead  of  free  chlorine. 

ZINO. 

Equivalent  or  atomic  weight  •        .    32*6 

Specific  gravity         .        .        .  from  6*86  to  7*20 

Zino  is  not  yery  widely  diffused  over  the  world,  but  in  the  looaHtiea  which  contain 

it  the  metal  is  abundant.    It  is  found  principally  in  two  states,  the  carbonate  (ra/a- 

mine)  and  sulphuret  or  sine  blende.    Of  these  the  carbonate  is  melted  with  the  grenter 

ease,  and  the  zinc  produced  is  of  the  better  quality.    In  the  production  of  ainc  from 
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calamine  the  ore  i«  first  roasted,  for  the  purpose  of  driving  off  water  and  earboBio 
aoid ;  it  is  then  reduced  hj  the  conjoined  agency  of  heat  and  contact  with  eaiho- 
naceous  material ;  powdered  coke  being  employed  in  practice  fbr  this  purpose.  Inas- 
much, however,  as  zinc  is  a  metal  of  great  volatility,  the  process  of  smelting  difOsrs 
from  that  ordinarily  followed  in  the  case  of  other  metals.  It  is  raised  in  vapour  and 
distilled ;  the  distillatory  apparatus  being  a  crucible  having  a  luted  cover,  and  iiir- 
nished  with  an  earthenware  pipe  through  its  bottom; 
the  other  end  of  the  pipe  terminating  over  a  dish  of 
water,  as  represented  in  the  accompanying  diagram. 
This  process  of  distillatym  was  termed  by  the  dder 
chemists  Distiilatio  per  deteemum. 

The  colour  of  zinc  is  bluish-white.  Its  phyncal 
properties  di£Eer  remarkably,  according  to  the  degree  of 
heat  to  which  it  is  raised.  When  cast  into  an  ingot,  and 
allowed  to  cool  to  the  ordinary  atmospheric  temperature, 
zinc  is  a  somewhat  brittle  metal,  and  breaks  under  the 
shock  of  the  hammer.  Between  250°  and  300"*  Fah.  it  is 
malleable,  and  may  be  reduced  to  the  form  of  sheet  by 
rolling,  thus  rendering  it  so  valuable  as  a  substitute  fbr 
lead  and*  tin  plate.  When  the  heat  is  raised  to  400° 
Fah.,  it  becomes  so  extremely  brittle  that  it  may  be 
readily  powdered.  At  773°  Fah.  it  fuses,  and  heated  to 
whiteness  it  volatilises,  and  may  be  distilled.  Zinc  shavings  may  be  ignited  by  the 
flame  of  a  candle  as  readily  as  strips  of  paper.  They  bum  with  a  magnificent  white 
light,  and  crumble  into  a  flocculent  white  oxide,  to  which  the  alchemists  gave  the 
name  of  Ltma  phiiosopkica. 

Zinc,  although  an  easily  oxidisable  metal,  may  be  exposed  to  atmospheric  agencies 
for  considerable  periods,  without  more  than  thin  surface  oxidisation.  When  heated, 
its  power  of  absorbing  oxygen,  either  from  dry  air  or  aqueous  vapour,  is  greatly 
increased.  Its  power  of  rapidly  decomposing  aqueous  vapour  and  liberating 
hydrogen,  commences  at  a  temperature  only  a  little  above  the  boiling  point  of  water, 
212^  Fah. 

Zinc  is  readily  attacked  by  the  greater  number  of  acids ;  more  especially  hydro- 
chloric and  dilute  sulphuric  acids,  both  of  which  dissolve  it  with  evolution  of 
hydrogen.  It  is  also  acted  upon  when  boiled  with  alkaline  solutions.  All  the  soluble 
combinations  of  zinc  are  poisonous;  vessels  of  this  metal,  therefore,  cannot  with 
propriety  be  brought  in  prolonged  contact  with  articles  of  food. 

CombifMtion  qf  Zmc  with  Oxjffm  {Oxids  of  Zine). — Only  one  compound  of  oxygen 
and  jnno  is  known ;  it  is  composed  of  a  single  equivalent  of  each,  and  is,  consequenUy, 
the  protoxide  of  zinc  Oxide  of  zinc  is  a  powerful  base,  readily  uniting  with  adds, 
and  forming^well  defined  salts. 

Prtparaiion, — One  method  of  forming  oxide  of  zinc  I  have  already  described ;  it 
consists  in  burning  fine  shavings  of  the  metal ;  when  a  flocculent  result,  lana  philo- 
sophica,  or  pompholix,~whioh  is  the  ozide«  results.  Thus  prepared,  however,  oxide  of 
zinc  always  contains  small  traces  of  the  free  metaL  In  Uie  hydrated  fionn,  oxide  of 
zinc  may  be  thrown  down  irom  the  solution  of  any  protosalt  of  zinc  by  the  addition 
of  potash  or  aoda.  The  hydrate  thus  produced,  however,  retains  a  little  of  the  •l^^li 
with  much  obstinacy. 
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If  the  oxide  be  required  in  the  state  of  purity,  one  of  the  following  methods  of 
preparation  should  be  adopted : — (1).  Add  carbonate  of  potash  or  soda  to  aprotosolution 
of  zinc  until  nothing  flirther  precipitates.  Collect  the  precipitate,  which  is  a  hydrated 
carbonate,  wash  it  thoroughly,  and  drive  off  its  carbonic  acid  by  the  application  of 
furnace  heat.  (2).  Oxide  of  zinc  in  the  state  of  complete  purity  may  also  be  obtained 
by  heating  nitrate  of  zinc  in  a  crucible,  when  the  elements  of  nitric  acid  being  giyen 
off  pure  oxide  of  zinc  remains. 

Oxide  of  zinc  is  now  generated  on  the  large  scale  as  a  substitute  for  white  lead 
employed  as  a  pigment,  oyer  which  it  has  the  advantage  of  not  blackening  by  exposure 
to  sulphuretted  hydrogen  gas  and  vapours  of  hydrosulphate  of  ammonia.  It  is, 
nevertheless,  deficient  in  the  quality  of  body,  and,  to  employ  a  technical  phrase,  it 
does  not  cover  so  well  as  white  lead. 

Salts  of  Oxide  of  Zinc^These  salts  are  all  of  them  characterized  by  a  peculiar 
styptic  taste,  which  assumes  its  maximum  in  the  sulphate  (white  vitriol).  AH  are 
colourless,  except  the  acid  which  enters  into  their  composition  be  itself  coloured. 
Their  solutions  yield  with  potash,  soda,  and  ammonia,  a  white  precipitate— the 
hydrated  oxide — soluble  in  excess  of  the  precipitant.  Alkaline  carbonates  and  ferro- 
cyanide  of  potassium  also  throw  down  white  precipitates,  as,  in  like  manner,  the 
hydrosulphates  from  solutions  either  acid  or  neutral ;  hydrosulphuric  acid,  however, 
only  effects  precipitation  from  neutral  solutions. 

Stdphale  of  Zine  {White  Vitriol). — This  salt  is  readily  produced  by  effecting  the 
solution  of  zinc  in  dilute  sulphuric  acid,  and  evaporating  the  solution  imtil  crystals 
form.  They  contain  seven  equivalents  of  water,  of  which  six  are  disengaged,  when 
the  salt  is  heated  to  212°  Fah.  Sulphate  of  zinc  is  generated  on  the  large  scale  by  an 
indirect  process,  the  theory  of  which  will  be  readily  intelligible,  from  zinc  blende  or 
the  native  sulphuret.  The  material  previously  reduced  to  powder  is  slowly  roasted, 
by  which  operation  a  portion  of  the  sulphur  entering  into  its  composition  is  evolved 
in  the  state  of  sulphurous  acid,  whilst  another  portion  absorbs  oxygen  from  the 
atmosphere,  and  becoming  sulphuric  acid  unites  with  oxide  of  zinc,  also  generated  by 
the  absorption  of  oxygen,  and  thus  constitutes  sulphate  of  zinc ;  which,  being  soluble, 
may  be  extracted  by  lixiviation,  and  crystallized  by  evaporation  to  the  proper  extent. 

Carbonate  of  Zine. — It  has  already  been  mentioned  that  carbonate  of  zinc  occurs 
native,  and  is  termed  calamine.  It  is  a  true  neutral,  or  mono-carbonate,  having 
the  composition  as  indicated  by  the  formula  ZnO,Co2.  It  has  never  been  artificially 
produced. 

Eydro-carhonate  ofSne. — ^This  term  has  been  applied  to  the  hydrated  carbonate 
which  falls  when  solution  of  an  alkaline  carbonate  is  poured  into  a  solution  of  salt  of 
zinc.  Its  composition  is  very  peculiar,  as  will  be  seen  from  the  subjoined  formula, 
which  represents  it :— (2ZnO.  CO3  +  SZnO.HO). 

Zine  with  Sulphur^  Sulphuret  of  Zine, 

Native  sulphuret  of  zine  exists  in  large  quantities.  It  is  termed  zine  blende, 
and  is  employed  as  the  source  of  both  white  vitriol  and  metallic  zinc .  Artificially 
it  may  be  generated  either  by  heating  a  mixture  of  zinc  filings,  or  of  oxide  of  zinc  (the 
latter  is  preferable)  with  powdered  sulphur  in  a  crucible. 

Properties, — Native  sulphuret  of  zinc  is  a  translucid,  brownish,  compact  material, 
crystallizing  in  forms  belonging  to.  the  cubic  or  tessular  system.  Artificial  sulphuret 
of  zinc,  prepared  by  the  methods  just  described,  is  a  yellowish-white  powder. 
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Zine  with  Ckhrine-^Chhride  ofZine, 

Preparation, — (1}  By  transmitting  a  cuircnt  of  dry  chloriae  gas  throu^^  fragments 
of  metallic  zinc. 

(2)  By  dissolving  zinc  in  Lydrochloric  acid»  hydrated  cblorida  of  sine  reflnlts,  and 
this  being  heated  to  about  482"*  Fah.,  evolves  iJie  whole  of  its  vater,  and  ia  converted 
into  anhydrous  chloride  of  zinc. 

Pr(7p^^i««.— Chloride  of  zinc  is  a  white,  fusible,  highly  corrosive  liquid,,  poasoBsmg 
strong  antiseptic  properties,  soluble  in  alcohol^  combining  with  water  wiUi  avidity, 
and  not  decomposable  with  a  red  heat,  but  evolved  in  the  state  of  vapour;  thua  enabling 
it  to  be  distilled. 

General  Charaeteristies  of  Zinc  Salts. — (1)  The  most  strilsing  peculiarity  of  zinc 
salts  is  the  colour  of  the  precipitate  (white)  yielded  by  hydrosulphates  in  solutions 
both  acid  and  neutral,  or  by  hydrosulphmdc  acid  in  the  latter. 

(2)  Solutions  of  potash^  soda,  and  ammonia  yield  a  white  precipitate  soluble  in 
excess  of  the  precipitant. 

(3)  Carbonate  of  ammonia  yields  a  white  jHrecipitate  soluble  ia  ezcesa  of  the  pre- 
cipitant. 

(4)  Carbonates  of  potash  and  soda  yield  white  prec^itates  insoliible  in  excess  of 
precipitant. 

(5)  FezTOcyanide  of  potassium  yields  a  white  precipitate  iosoliibU  in  excess. 

CAinflTM. 

Equivalent  or  atomic  weight        ,        .        ,,  66 
Specific  gravity 8*7 

This  interesting  metal  is  associated  with  zinc,  with  which  it  presents  certain 
analogies.  The  history  of  cadmium  is  curious.  In  aome  parts  of  Germany  the  drugs 
and  diemicals  of  apothecaries  are  examined  for  the  purpose  oi  ascertaining  whether 
they  are  free  from  contaminations.  In  the  year  1817|  a  portion  of  white  Titriol  (sul- 
phate of  zinc]  having  being  subjected  to  this  ordeal,  it  was  condemned;  being  con- 
taminated, as  was  asserted,  with  arsenic  To  this  award  the  owner  of  the  sulphate  of 
zinc  demurred,  and  referred  it  to  Professor  Stromeyer  for  examination;  when,  instead  i 
of  arsenic,  a  new  metal,  cadmiwn,  was  discovered.  Both  cadmium  and  arsenic  give  a 
yellow  precipitate  on  the  addition  of  hydrosulphuric  acid : — hence  the  mistake. 

Method  of  obtaining  Cadmium, — Cadmium  it  has  already  be^  mentioned^  occurs  in 
combination  with  zinc;  like  which  it  is  volatile,  and  may  be  distilled.  It  is  consider- 
ably more  volatile  than  zinc,  however,  being  evolved  at  a  red  heat,  whereas  zinc  does 
not  vapourize  until  the  heat  is  raised  to  whiteness ;  this  difference  between  the  two 
will  render  the  process  of  obtaining  cadmium  intelligible.  The  first  portions  of  vola- 
tile matter  which  pass  over  when  zine  ore  is  distilled  in  contact  with  carbonaceons 
matter,  and  which,  on  account  of  their  burning  with  a  brown  flame,  are  called  by  the 
technical  name  of  broum  blaao,  contain  very  little  sine,  and  are  chiefly  composed  of 
araenio  and  cadmium.  It  cannot,  however,  be  obtained  completely  pure  by  this  means, 
but  a  moist  chemical  process  has  to  be  adopted.  The  impure  ftadm^nm  result  is  dis- 
solved in  dilute  nitric  or  hydrochloric  acid,  the  acid  bexog  in  slight  excess,  and  a  cur- 
rent of  hydrosulphuric  acid  is  transmitted,  when  snlphuret  of  oadmiuni  is  thrown  down, 
which  being  redissolved  in  nitric  acid,  and  carbonate  of  potash  or  soda  added,  yields 
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oarfoonate  of  eadmitim^  and  the  Istter  by  mixture  with  charcoal  powder,  and  distillation, 
erdlYts  matallio  oadmiiim. 

I^roptrtka.'-^Qtidnama  is  a  aolt,  white,  dnoiile,  and  malleable  metal,  fdsiUe  below 
redneaB,  and  mete  Tolatile  than  sine. 

Comimmtim  of  Cadmnim  uUh  Oxygtn — OxitU  of  CWmtMiN .—Only  one  oxide  of  cad- 
mium, the  piotozide,  is  known. 

Pre^ra^tbn.— Anhydrous  oxide  ef  cadmium  may  be  prepared  by  bnmiBg  eadminm 
in  oxygen  gas,  or  atmospheric  air ;  or  by  strongly  heating  nitrate  of  cadmium.  The 
oxide  in  a  hydrated  condition  may  be  thrown  down  from  any  cadmium  salt  by  the 
addition  of  soda  or  potash. 

8<Uts  of  Oxide  of  Cadtnittm.—hJH  colourless  acids  when  united  with  cadmium- 
oxide  yield  colourless  salts  of  cadmium,  from,  which  the  hydrated  oxide  may  be  preci- 
^tated  by  soda  or  potash ;  also  by  ammonia,  though  an  excess  of  the  latter  readily 
dissolres  the  precipitate.  Carbonates  of  alkalies  throw  down  a  white  precipitale,  which 
is  a  true  earbonate  of  cadmium.  Hydrosulphurie  acid  throws  down  a  yellow  precipi- 
tate, the  sulphuret  of  cadmium ;  and  alkaline  hydrosulphates  produce  the  same  result. 
Sulphurct  of  cadmium  is  not  soluble  in  excess  of  the  ftHraliwft  hydrosulphate,  a  quality 
which  distinguishes  it  from  the  siilphuret  of  arseaie.  The  salts  of  cadmium  merit  no 
individual  notioe. 


Equivalent  or  atomic  weight .        .     =    59 
Specific  gravity     .        .        .        .     =      7'3 

Siatory  and  Natural  History, — ^This  metal  occurs  in  very  few  localities,  but  it  there 
exists  in  considerable  quantities.  Tin  has  been  known  from  periods  of  very  high  an- 
tiquity ;  some  of  our  present  Cornish  stanniferous  districts  having  been  worked  by  the 
Phoenicians.  The  purest  tin  is  obtained  from  Malacca,  but  largo  quantities  are  obtained 
from  the  mines  and  stream-works  of  Cornwall  and  Devom^ire.  How  long  the 
PhcBnieians  enjoyed  exdunvely  this  commerce  is  not  easily  deiemuned;  but  in 
the  days  of  Herodotus  the  Greeks  appear  to  have  been  acquainted  with  the  tin 
countries  by  name  only.  They  knew  t)iat  the  tin  with  which  they  were  supplied 
by  the  Phcenieian  merchants  came  originally  from  the  Casaiterides,  the  name  by 
which  they  knew  these  islands ;  and  Strabo  reports  them  to  have  been  so  detennined 
to  conceal  whence  they  derived  the  metal  from  other  nations,  that  the  master  of  a 
Phoenician  vessel  who  suspected  that  a  Boman  vessel  was  following  him  for  the  pur- 
pose of  discovering  his  secret,  chose  to  run  his  ship  ashore  and  suffisr  shipwreck 
rather  than  permit  his  track  to  be  discovered.  In  process  of  time,  however,  the  Greeks 
of  Marseilles  obtained  a  considerable  portion  of  this  trade,  and  tin  was  the  chief 
commodity  they  exported  from  Britain.  In  due  course  the  Komans  also  discovered 
the  tin  countries ;  and  some  time  before  the  first  Punic  War,  Publius  Crassus  was 
sent  to  make  a  report  on  the  tin  mines,  which  constituted  a  branch  of  commerce 
between  the  natives  of  this  island  and  the  Phoenicians  and  Greeks  many  centuries 
before  the  commencement  of  the  present  era.    The  principal  tin  ore  is  the  binoxide. 

Froperties. — In  physical  appearance  tin  much  resembles  silver.  It  is  very  malle- 
able, spreading  under  the  hammer  into  a  sheet,  but  cannot  be  drawn  into  a  wire. 
It  iiises  at  about  450°  Fahrenheit,  and  does  not  tarnish  by  exposure  to  the  air.  Tin 
readily  dissolTes  in  hot  hydrochloric  acid,  hydrogen  gas  being  evolved,  and  protoehlo- 
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ride  of  tin  remaining  in  solution.  In  dilute  sulphurio  acid  it  also  dissolTes,  but  not 
readily ;  strong  and  hot  oil  of  vitriol  dissolves  it,  with  the  evolution  of  sulphnroiu  add 
and  the  formation  of  sulphate  of  oxide  of  tin.  The  strongest  hydrate  of  nitric  add  (mo- 
nohydrate)  does  not  act  upon  tin ;  but  if  diluted  to  the  slightest  extent  Tiolent  action 
takes  place,  copious  fumes  of  nitrous  and  hyponitrous  acid  are  evolved,  and  the  tin  is 
converted  into  stannic  acid— sometimes  called  binoxide,  or  peroxide  of  tin.  Nitro- 
hydrochloEio  acid  dissolves  tin,  and  yields  solution  of  the  perchloride. 

Oxides  of  Tin, 
Two  of  these  are  well  known, — the  protoxide  and  the  binoxide,  otherwiae  called 
the  peroxide  of  tin,  or  stannic  acid. 

Protoxide  of  Tin. 
Preparation, — (1)  By  adding  carbonate  of  ammonia  to  a  solution  of  protochloride 
of  tin,  the  white  hydrate  of  the  protoxide  of  the  metal  is  thrown  down ;  and  if  this  be 
boiled,  its  water  of  hydration  is  evolved,  and  it  changes  to  the  black  anhydrous 
protoxide.  The  protoxide  generated  by  this  operation  rapidly  attracts  oxygen  by 
exposure  to  air,  and  is  converted  into  binoxide. 

(2)  By  adding  caustic  potash,  or  soda,  to  solution  of  protochloride  of  tin,  a  white 
compound,  is  formed  of  the  hydrated  oxide  and  the  alkali.  Boiling  decomposes  this 
compound,  and  generates  anhydrous  black  protoxide  of  tin ;  which,  unlike  that  pre- 
pared by  the  operation  last  described,  is  stable  in  the  air  at  ordinary  temperatures. 
Flame  ignites  it,  however ;  when  it  bums  vividly,  and  is  converted  into  peroxide. 

(3)  If  ammonia  be  added  to  protochloride  of  tin,  the  mixture  boiled  and  evapo- 
rated, decomposition  ensues,  and  protoxide  of  tin  is  thrown  down  in  the  condition  of 
red  powder. 

Hydrated  protoxide  of  tin  acts  the  part  of  a  feeble  acid,  and  combines  with  various 
bases,  especially  the  fixed  alkalies. 

Binoxide,  or  Peroxide  of  Tin  {Stannie  Aeid), 
Strictiy  speaking  there  are  two  isomeric  modifications  of  this  compound ;  both  are 
sometimes  comprehended  under  one  name,  but  occasionally  are  distinguished  as  etannie, 
and  metastannie  acid.  Stannic  acid  is  prepared  by  treating  metallic  tin  with  strong 
nitric  acid ;  metastannie  acid  is  generated  by  the  addition  of  water  to  perchloride  of 
tin,  when  decomposition  ensues  and  metastannie  acid  is  deposited.  Native  binoxide  of 
tin  is  the  metastnanic  acid  variety.  Both  stannic  and  metastannie  acids,  after  ignition, 
yield  the  same  result,  which  may  be  distinguished  by  the  name  of  peroxide  of  tin ;  it 
is  a  lemon-yellow  powder,  having  acid  properties,  and  combining  readily  with  alkalies. 

Chlorides  of  Tin. 
There  are  two  chlorides  of  tin, -the  protochloride  and  the  perchloride. 

Protochloride  of  Tin. 
Preparation. — ^By  dissolving  tin  in  hydrochloric  acid,  solution  of  protochloride  is 
obtained ;  and  by  evaporating  the  latter,  a  crystalline  hydrate  of  the  protochloride  is 
generated,  holding  3  equivalents  of  water.   Anhydrous  protochloride  of  tin  is  generated 
by  distilling  a  mixture  of  calomel  and  powdered  tin. 

Perehhride  or  Bichloride  of  Tin, 
Preparatum.—il)  By  transmitting  a  current  of  dry  chlorine  over  powdered  tin 
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until  Bbaorption  of  the  chlorine  no  longer  takes  place,  adding  a  little  powdered  tin  to 
the  result,  for  the  purpose  of  removing  free  chlorine  and  distilling. 

(2)  By  distilling  one  part  of  powdered  tin  and  five  parts  of  corrosive  sublimate. 

Properties. — ^Bichloride  of  tin  is  a  thin  colourless  liquid.  It  was  known  to  the  alche- 
mists, and  called  "  fuming  liquor  of  Libavius/'  Heated  to  248°  Fah.  it  boils,  and 
sublimes.  The  density  of  this  substance  is  2*28,  and  the  density  of  its  vapour  is  9*2. 
It  has  a  great  tendency  to  unite  with  water  and  form  hydrates,  one  of  which  is  crystal- 
lisable,  and  holds  five  equivalents  of  water ;  consequently  its  formula  is  SnClj  +  5H0. 
When  heated,  per-ohloride  of  tin  is  decomposed,  hydrochloric  acid  being  evolved,  and 
metastannic  add  remaining. 

Tin  with  Sfdphur—Sulphureta  of  Tm, 

Two  combinations  of  sulphur  with  tin  are  known, — ^the  protosuJphuret  and  the 
hisidphuret. 

Frotoaulphuret  of  Tin. 

Preparation, — (1)  A  mixture  of  tin  filings  with  sulphur  is  heated  in  an  earthen- 
ware crucible  when  combination  ensues,  but  the  result  contains  excess  of  tin.  To  free 
it  from  this  it  is  powdered,  mixed  with  a  further  amount  of  sulphur,  and  again  exposed 
to  heat. 

(2)  Protosulphuret  of  tin,  in  the  hydrated  condition,  is  formed  when  a  current  of 
hydrosulphurio  acid  is  passed  through  a  solution  of  protochloride  of  tin. 

Properties. — Anhydrous  protosulphuret  of  tin  is  a  gray,  crystalline  body.  The 
hydrated  protosulphuret  is  a  dark  brown,  almost  black  powder. 

Bisulphuret  or  Perstdphuret  of  Tin, 

Preparation. — Bisulphuret  of  tin  (hydrated)  is  the  yellow  result  of  transmitting^ 
hydrosulphurio  aoid  through  a  solution  of  perchloride  of  tin.  If  instead  of  hydrated 
percbloride  of  tin,  vapours  of  the  anhydrous  substance  be  transmitted  through  a  por- 
celain tube,  heated  to  dull  redness,  along  with  hydrosulphurio  acid,  anhydrous  perchlo- 
ride of  tin  results  in  the  form  of  yellow  crystalline  scales.  This  material  is  called 
aurum  musivum,  or  mosaic  gold,  and  is  of  frequent  application  in  the  arts.  When 
prepared  on  the  large  scale,  however,  the  following  process  is  adopted  : — an  amalgam 
of  12  parts  of  tin  and  6  parts  of  mercury  is  intimately  mixed  with  7  parts  of  flower  of 
sulphur  and  6  parts  of  sal  ammoniac.  The  mixture  is  heated  in  a  long-necked  flask  by 
means  of  a  sand  bath,  up  to  the  temperature  of  duU  redness.  Portions  of  sulphur  and 
of  sal-ammoniac,  sulphuret  of  mercury,  and  protochloride  of  tin  are  evolved,  leaving  the 
pure  bisulphuret  of  tin  in  the  flask.  The  use  of  the  sal-ammoniac  employed  in  this 
operation  is  to  prevent,  by  its  evaporation,  a  too  great  elevation  of  temperature. 

Characteristics  of  Salts  of  rm.— General  remarks.  Both  oxides  of  tin  act  the  double 
part  of  acids  and  bases,  but  the  acid  quality,  even  of  the  protoxide  of  tin,  predominates. 
Solutions  of  tin  may,  therefore,  come  under  the  notice  of  the  chemists  as  protosolutions 
and  persolutions,  and  these  may  again  be  sub-divided  into  tin-acid  and  tin-basic. 

Special  Characteristics  of  Protosolutions  of  Tin.— Of  this  class  of  bodies,  solution  of 
protochloride  may  be  taken  as  the  most  convenient  type— it  illustrates  the  following 
characteristics  :— 

(1)  Solutions  of  caustic  potash  and  soda  yield  a  white  hydrate  of  the  oxide 
soluble  in  excess  of  the  precipitant. 
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(2)  Ammonia  and  its  carbonate,  also  carbooates  of  tke  fixed  alkaliei^  jrield  a  wbite 
hydrate  of  the  oxide,  intohtbU  in  excess  of  precipitaat. 

(3)  Hydrosulphuric  acid,  and  the  hjdroaulphates,  yield  a  black  preoipii«te|— the 
hydrated  protosulphuret  of  tin. 

The  preceding  remarks  are  common  to  ail  solable  protosalts  of  tin,  ia  addition  to 
which  the  protochloride  has  two  remarkable  chancteriitict  of  its  own ;  mixed  with 
chloride  of  gold  it  yields  a  purple  precipitate,  much  used  in  the  art  of  poreelain 
painting,  and  known  as  the  purple  pouxier  of  Camut^  and  added  to  a  aidt  of  merouiy 
it  reduces  the  latter  to  a  lower  degree  of  oxygenation,  ta  takes  from  it  all  the  oxygen, 
yielding  metallic  mercury  according  to  the  nature  of  the  meroory  salt  and  the  quantity 
of  protochloride  employed.  Thus,  if  bichloride  of  mercury  (corrosiye  sublimate)  be  the 
subject  of  experiment,  it  is  first  reduced  to  calomel  ({iintoefaloride},  and  this  latter  is 
finidly  reduced  to  the  condition  of  metallic  mercury. 

Special  CharaeterUties  ofPertalU  of  Tin, 

(1)  The  caustic  fixed  alkalies  throw  down  a  white  hydrate,  soluble  in  excess  of 
the  imjcipitant. 

(2)  Ammonia  throws  down  the  same  hydrate,  but  insoluble  in  excess  of  pre- 
cipitant. 

(3)  Solutions  of  carbonated  fixed  alkalies  throw  down  a  white  hydrate,  slightly 
soluble  in  excess  of  precipitant. 

(4)  Solution  of  carbonate  of  ammonia  throws  down  a  white  liydrate,  insoluble  in 
excess  of  precipitant. 

(6)  Hydrosulphuric  acid  throws  down  a  yellow  precipitate,  iSie  hydrated  bisid" 
phuret;  insoluble  in  excess. 

(6)  The  alkaline  hydrosulphates  throw  down  the  same  hydrated  bisulphuret;  soluble 
in  excess  of  precipitant. 

Rimmrbt. — ^The  ycUow  eoloar  of  the  precipitate  thrown  down  from  solntaons  of  the 
bichloride  of  tin  by  hydrosulphuric  aoid  and  the  hydrosulphates  merits  especial  atten- 
tioB,  at  being  of  a  sindlar  colour  to  <(he  precipitate  yidded  by  arsenical  solutions  treated 
in  the  same  aaaner.  Two  metals  only  of  those  which  have  already  eome  nndu:  oar 
netioe  fuxniidi  yellow  pree^itates,  with  hydrosulplraric  acid  and  the  Itydrosal^iates. 
They  are  oadmimn,  and  tin  in  the  state  of  perchloride,  and  some  other  fonns  of  per- 
eemfaination.  Hereafter  it  will  be  seen  that  solutions  t^arsenioiu  aoid  also  ftmnrii  a 
yellow  predpitate,  with  the  same  re-agents.  Some  ehemists  include  antimony  in  the 
list  of  metals  iv^ch  afford  |a  yeUow  precipitate,'  with  hydrosulphuiie  acid  and  the  I 
hydrosulphates.  Strictly  speaking,  however,  the  tint  of  this  latter  is  orange-xed ;  but 
inasmuch  as  it  may  count  for  yellow  in  certain  eoloured  solutions,  we  may  as  w^ 
include  antimony  in  the  list  of  metals  finishing  yellow  predpitates  wit&  hydio- 
sulphnxifi  acid  and  the  hydrosulphates. 

TITANIUM. 

Zquiyalent  or  atomic  weight  .        .       >.        .25 
tSpecific  gravity ^  ? 

This  metal  is  found  in  nature  as  a  constituent  of  titaniferous  iron,  and  in  the  hm 
of  a  mineral  called  rutUe^  which  latter  is  titanic  acid  almost  pose ;  it  exists,  nK>reover> 
in  several  other  minerals,  but  iu  small  quantity. 
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Preparation. — Metallic  titaniuai  auQr  be  obtained  ia  the  laboratory  by  beating  the 
perchloride  of  titanium  in  a  glass  flaak,  and  passing  into  it  a  current  of  anunoniacal 
gas.  The  ammonia  combines  with  the  perchloride  of  titanium,  and  fasms  a  pulver- 
ulent  substance.  The  flask  now  bmng  surrounded  with  burning  charooal,  sal- 
ammoniac  sublimes,  and  metallic  titanium  remjiins  in  the  ioxm  of  litUe  globules. 

7r^^Mr<t^«.— Titanium*  thus  |»repared,  is  somewhat  easily  attacked  bf  adds,  wiiereas 
titanium  whioh  occurs  as  a  casual  result  in  iron-smelting  furnaces,  is  not. 

Combi$uUum8  ^f  Titattium  with  Oaeygen.  —  Of  these  bodies  tiuree  are  known;  the 
proto^dde,  sesquioxide,  and  titanic  acids.    Their  xespeetire  o^mpoailtion  is  as  follows : 

r^otoidAe«(«t«Bium TiO 

Sesquioxide T^  O3 

ThanioMdd TiO, 

Of  the  preceding  bodies,  tkaaic  acid  is  the  most  important. 

Preparation, — ^Pulverised  titanite  Jhaying  been  mixed  with  carbonate  of  potash  and 
fused,  £he  result  is  treated  with  watec,  by  wldch  means  all  excess  of  alkali  is  removed. 
The  residue  is  now  dissolved  in  hydrochloric  acid  mixed  wit^  water  and  boiled,  when 
titanic  acid  precipitates. 

Properties, — Titanic  acid  is  a  white  powder,  soluble  in  acids^  with  which,  however, 
it  does  not  form  permanent  salts,  the  acid  solutions  '.being  decomposed  by  boiling,  as 
we  have  seen  already  in  the  preparation  of  titanic  acid.  These  characteristics  of 
titanic  acid-^naiMly,  its  sohtbili^in  acid  when  &eshiy  prepamd— but  oasy  decom- 
position of  the  acidiwlutioB,  assimilate  titsaic  acid  to  tiHoa. 

Protoxide  qf  Titaniwtu 

When  iitMnie  und  is  atroxigly  heated  in  a  chaKoai-lmeditenace  it  lanes  oxygen, 
and  is  conrnted  ante  a  bkek  powdec,  wUch  oihenislis  tfor  the  [most  part  regavd  as 
protoxide  Af  titaniiMn. 

SmqmetnSe  9f  T^imtkm. 

When  titanic  acid  is  strongly  heated  in  a  current  of  hydrogen  gas  it  Is  oon- 
veited  into  alAack  powder,  whieh  is  considered  to  be  sesquioxide  of  titanium.  This 
oxide  in  a  hydrsted  condition  precipitates,  when  ammonia  is  added  to  a  solution  of 
the  sesquichloride  of  the  metal. 

Tilanium  and  ChloriuB-^CMoridee  of  JPitamwn, 
Two  chlorides  of  titanium  are  known  *,  the  sesqiddhloride  corresponding  with  the 
sesquioxide,  «ad  the  Inehioidd^,  iHiich  'eonrasponds  with  titanic  add,  lend  which  is, 
therefoie,  the  bic^oside. 

Perchloride  tfTHnnium. 

Preparation, — An  Intimate  mixture  is  effected  of  titanic  acid  and  carbonaceous 
matter,  the  whole  is  placed  in  a  tuhiilated  retort,  and  a  ourrent  of  dry  chlorine  gas  is 
liberated  upon  the  niixture,  hetfted  by  means  of  a  tube  passing  through  the  tubulure  of 
the  retort ;  a  f lill  red  heat  is  accessary  for  cenductiQg  the  operation.  X7hlorlde  of 
titanium  passes  over  in  tiie  condHlon  of  a  volatile  colourless  liquid,  and  mnst  be 
condensed  in  a  receiver,  surrounded  by  a  freezing  mixture.  It  comlMnes  violently 
with  water,  beharag  like  the  hichloride  of  tin  similarly  treated. 
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SetquJehlaride  of  Titamum. 

Preparatum.'-'By  traiumitting  hydrogen,  saturated  with  the  Ti^oor  of  UcUoride 
of  titanium,  through  a  red-hot  porcelain  tube. 

Properties. — ^A  crystalline  yiolet-tinted  material,  yery  deliquescent,  and  fbnning  a 
violet  or  red  solution  with  water.  The  most  prominent  oharacteriatic  of  the  sesqui- 
chloride  of  titanium  is  its  powerful  reducing  quality.  It  precipitates  gold,  ailTer,  and 
mercury  from  their  solutions  in  the  metallic  state,  and  reduces  copper  sohitions  to  the 
minimum  state  of  ozydation.  In  like  manner,  it  decomposes  sulphurous  acid  with  the 
liberation  of  sulphur.  This  latter  agency  is  especially  remarkable,  sulphurous  add 
itself  being  a  powerful  reducing  body,  separating  oxygen  firom  many  rabstances,  and 
employed  practically  for  the  purpose  in  question. 

General  Charaeteristiet  of  Titanium  and  its  Compounds, — ^The  similarity  which  titanic 
acid  bears  to  silica  has  already  been  pointed  out ;  in  certain  respects  titanium  bears  a 
relationship  to  tin,  as  will  be  seen  on  a  comparison  of  the  stanniferous  with  the 
titaniferous  compounds.  The  two,  howeyer,  admit  of  being  readily  distinguiahed  by 
the  following  blowpipe  characteristics : — Tin  compounds,  when  mixed  wiUi  charcoal 
and  carbonate  of  soda,  and  heated  in  the  blowpipe  flame,  yield  metallic  tin ;  whereas 
titanium  compounds  mixed  with  borax,  and  heated  in  the  oxidising  part  of  the  blow- 
pipe flame,  yield  a  colourless  glass,  becoming  at  once  blue  when  acted  on  by  the 
reducing  flame. 

TANTAXUM,  TAZTTALIXTM,  OB  COLUMBIUM,  NIOBIUM,  ILMENITTM,  AND  7BLOPIUM. 

These  metala  are  amongst  the  curiosities  of  mineral  chemistry ;  Teiy  little  con- 
cerning them  is  known,  and  they  have  hitherto  been  procured  in  quantities  so  small 
that  the  study  of  their  chemical  relations  is  very  incomplete. 

Tantalium  was  discovered  by  Mr.  Hatchett  in  1801,  in  a  mineral  brought  from 
America ;  he  therefore  gave  the  name  of  Columbium  to  the  extracted  metal.  In  the 
year  1802,  the  Swedish  chemist  Ekeberg  rediscovered  the  metal  in  a  Swedish  mineral, 
not  being  aware  of  what  Hatchett  had  accomplished.  Subsequently,  Dr.  Wollaston 
proved  tantalium  and  columbium  to  be  identical. 

Niobium  and  Pelopium  were  both  discovered  by  Heinrich  Bose  in  the  year  1846, 
and  Ilmenium  by  Herrmann  in  1847.  All  these  metals  are  found  associated  with  tan- 
talium, in  the  Swedish  mineral  yttro-tantdlite, 

LEAD. 

Equivalent  or  atomic  weight    .         .        .    103*7 
Specific  gravity 11*445 

It  is  unnecessary  to  state  that  lead  is  a  very  useful  and  abundant  metal,  that  it  is 
largely  used  in  the  arts  and  manufactures,  and  extracted  from  its  ores  with  facility. 
Commercial  lead,  however,  is  never  pure ;  a  very  general  impurity  being  silver,  besides 
which  there  are  others.  The  presence  of  portions  of  silver  in  lead  too  inconsiderable  to 
render  its  extraction  remunerative,  materially  lessens  the  value  of  lead  for  many  pur- 
poses, more  especially  those  of  gold  and  sUver  assaying,  in  the  course  of  which  pure 
lead  is  employed,  as  will  be  seen  hereafter,  when  these  metals  are  treated  of. 

Preparation  of  Lead  {chemically  pure). — ^When  crystallized  nitrate  of  lead  is  decom- 
posed by  heat,  pure  oxide  of  lead  remains,  and  the  latter  if  mixed  with  charcoal  and 
sugar  into  a  paste,  dried,  and  heated  in  a  crucible  lined  with  charcoal  yields  pure 
metallic  lead. 
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JProperties, — The  physical  properties  of  lead  are  well  knows,  amongst  which  its 
softness  is  most  conspicuous.  In  proportion  as  lead  is  unmixed  with  other  metals,  so  is 
it  more  soft.  The  malleability,  ductility,  and  ready  fusibility  of  this  metal  are  so  well 
known,  that  these  properties  require  no  comment.  The  temperature  at  which  lead 
fuses  is  about  635°  Fah. 

Lead,  when  absolutely  clean,  is  a  somewhat  brilliant  metal,  but  it  easily  tarnishes 
by  eiposure  to  atmospheric  influences ;  becoming  covered  with  a  superficial  layer  of 
oxide,  and  oxide  mixed  with  carbonate  of  lead.  This  change  is  greatly  facilitated  by 
the  conjoined  agency  of  moisture  and  carbonic  acid.  The  superficial  crust  of  lead  oxide 
formed  under  these  circumstances  has  been  much  studied,  in  relation  to  the  action 
upon  it  of  water.  Pipes  of  lead,  and  cisterns  of  that  metal,  are  so  commonly  employed 
for  the  oonyeyance  and  retention  of  water,  that  it  is  eminently  necessary  to  determine 
the  conditions  under  which  their  employment  is  safe,  or  the  contrary.  The  following 
13  a  summary  of  the  chief  facts  which  have  been  made  out  in  relation  to  this  subject : — 
Water  absolutely  pure,  that  is  to  say,  free  from  air  as  well  as  solid  impurities,  does  not 
dissolve  lead.  Such  is  the  expression  of  a  chemical  fact ;  but  the  conditions  are  almost 
^  impracticable.  They  may  be  secured  for  the  purposes  of  demonstration,  but  do  not 
admit  of  being  applied  in  practice,  inasmuch  as  water  no  sooner  comes  in  contact  with 
atmospheric  air  than  a  portion  of  the  latter  is  dissolved,  when  the  water  thus  charged 
attacks  lead  with  facility,  as  may  bo  demonstrated  by  steeping  a  piece  of  lead  in 
distilled  water,  when  speedily  the  liquid  will  be  found  to  contain  traces  of  lead  by  the 
evidence  of  tests  for  that  metal, — more  especially  hydrosulphuric  acid.  If,  however, 
instead  of  pure  water  charged  with  atmospheric  air,  water  holding  a  little  saline  matter 
be  employed,  its  power  of  dissolving  lead  will  be  found  either  to  have  vanished 
altogether,  or  to  have  much  diminished,  according  to  the  quantity  and  the  nature  of 
the  impurities  in  question.  Practically,  then,  the  deductions  are  these : — Distilled 
water  must  on  no  account  be  passed  through  leaden  pipes  or  stored  in  leaden  cisterns ; 
neither  must  rain  water,  approaching,  as  it  does,  more  nearly  to  the  condition  of  abso- 
lute purity  than  any  other  kind  of  water  naturally  existing.  River  water  may 
generally  be  brought  into  prolonged  contact  with  lead  without  fear  of  danger,  and  so, 
in  the  majority  of  instances,  may  spring  water;  but  there  are  exceptions.  Some  kinds 
of  spring  water  are  so  remarkably  free  from  contaminations  that  they  act  upon  lead. 
Eefore  adopting  lead  to  the  purposes  of  water  retention,  it  is  well  to  try  the  effect  of 
steeping  lead  in  a  portion  of  the  water  during  some  days,  and  testing  the  fluid  for 
lead.  In  aU  cases  involving  the  solution  of  lead  by  water,  the  process  of  solution  goes 
on  at  the  line  of  the  water  level,  and,  consequently,  at  the  line  where  air  and  water 
simiiltaneously  act. 

Combinations  of  Oxygen  with  Zead^  Oxides  of  Lead. 

Three  combinations  are  known  of  oxygen  with  lead.  They  are  the  suboxide^  the 
protoxide,  and  the  binoxide.  The  latter  is  sometimes  denominated  plumbic  acid.  In 
addition  to  these  oxides,  the  binoxide,  as  acid,  combines  with  the  protoxide  as  base, 
and  forms  one  or  more  intermediate  oxides,  or  rather  lead  salts. 

Suboxide  of  Lead, 
Preparation, — By  heating  oxalate  of  lead,  at  a  temperature  of  about  570"*  F.,  until 
no  further  gas  is  disengaged.     In  some  chemical  treatises  the  suboxide  of  lead  is  con- 
sidered to  be  a  mixture  of  metallic  lead  and  protoxide  of  the  metal,  an  opinion  which 
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cannot  be  reconciled  with  the  iact  that  quicksilTer  triturated  with  the  oxide  does  not 
diflac^ye  the  smallest  particle  of  lead,  which  it  would  do  if  the  latter  existed.  Ita  com- 
position  is  indicated  by  the  foormnla  PbsO. 

Protoxide  o/Lecui, 

Prtparati$H, — (I)  By  calcining  the  nitrate  or  the  carbonate  of  lead. 

(2)  By  adding  solution  of  ammonia  to  a  solution  of  any  proteaalt  of  lead. 

The  result  of  the  first  operation  is  anhydrous  protoxide  of  lead,  thai  of  the  seeood 
operation  is  usually  hydrated  oxide  of  lead ;  but  if^  after  the  addition  of  amrnonia,  the 
solution  be  eyaporated,  protoxide  of  lead  separates  in  the  anhydrous  cosiditioii. 

ProfMr/»M.— Hydrated  protoxide  of  lead  is  a  white  powder ;  anhydrous  protoxide  of 
lead  is  either  red  or  yellow,  according  to  the  temperature  at  which  it  has  been  pre- 
pared. Anhydrous  protoxide  of  lead  is  produced  on  the  large  scale,  and  aiq^iied  to 
many  purposes  in  the  arts  and  manu&ctures.  When  completely  fused  it  is  called 
litharge,  but  when  the  heat  employed  in  generating  it  has  been  less  intense,  so  tiiat  it 
remains  pulverulent,  the  term  massicot  is  applied.  Protoxide  of  lead,  though  readily 
uniting  with  acids,  and  forming  well-defined  salts,  is  itaelf  an  acid ;  readily  eombining 
with  potash,  soda,^ — eyen  ammonia,  and  many  of  the  earths,  more  especially  baryta, 
•trontia,  and  lime.    Its  composition  is  indicated  by  tiie  fommla  PbO. 

BiiMxide  of  Lead,  or  Plumbic  Aeid, 
Preparation. — (1)  By  digesting  minium,  or  red  lead,  which  may  be  denominated 
chemically  plumbate  of  protoxide  of  lead,  with  weak  nitric  acid,  when  protoxide  of  lead 
is  diseolyed,  protonitrate  of  lead  formed,  and  binoxide  of  lead  isolated. 

(2)  By  transmitting  a  current  of  chlorine  through  protoxide  of  lead  suspoided  in 
water. 

(3)  By  pouring  an  alkaline  hypoehlorite  into  a  boiling  solution  of  acetate  of  lead. ' 
The  second  and  third  of  these  processes  yield  binoxide  of  lead  simultaneoufily  with 

a  variable  pcnrtion  of  chloride  of  lead ;  and  the  latter,  as  we  shall  presently  learn,  is  a 
somewhat  insoluble  substance.  Hence,  the  binoxide  of  lead  prepared  by  either  of  these 
processes  must  be  eopiously  washed  with  boiling  water,  to  effect  the  removal  of  the 
chloride. 

Properties. — A  puce-coloured  powder,  whidi  does  not  combine  with  acids,  thus 
demonstrating  the  absence  of  basic  quality,  bat  which  readily  combines  with  potash, 
soda,  lime,  baryta,  strontia,  and  some  other  bases,  forming,  in  many  cases,  well-defined 
crystalline  salts.  The  most  leading  characteristic  of  binoxide  of  lead  is  dependent  upon 
the  facility  with  which  it  yields  up  oxygen  to  substances  having  an  affinity  for  "ftat 
clement.  For  example,  if  mixed  with  an  aqueous  solution  of  sulphurous  acid  or  the 
dry  gas,  it  at  once  converts  the  latter  into  sulphuric  acid,  and  is  itself  reduced  to  pro- 
toxide of  lead,  which  immediately  combining  with  the  sulphuric  acid  generated,  forms 
sulphate  of  protoxide  of  lead.  By  this  means  sulphurous  acid  may  be  separated  fiom 
other 


Salts  containing  Protoxide  of  Lead  as  Base-Sulphate  of  Lead. 
Preparation.— 'J)^\i\^  sulphuric  acid  does  not  act  upon  lead,  either  hot  or  cold,  but 
concentrated  sulphuric  acid,  when  boiled  with  lead,  first  converts  the  meta)  into  pro- 
toxide with  the  liberation  of  sulphurous  acid,  and  finally  unites  with  the  jootoxide, 
giving  rise  to  sulphate  of  protoxide  of  lead,  more  usually  designated  autpkiOe  of  lead. 
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Sulphate  of  lead  may  also  be  generated  by  the  addition  of  sulphuric  acid,  or  a  soluble 
sulphate  to  any  protosalt  of  lead.    ' 

PropmrUes^—k  white  powder,  nearly  insoluble  in  water,  but  slightly  soluble  in  acid 
liquors,  especially  sueh  as  contain  sulphuric  acid.  Boiling  hydrochloric  acid  decom- 
I>09es  it,  and  generates  chloride  of  lead.  Sulphate  of  lead  cannot  be  decomposed  by 
heat  alone,  but  if  ignited  in  contact  with  carbonaceoos  matter,  in  close  Tossels,  it  loses 
oxygen  and  becomes  sulphuret,  or  sulphide  of  lead.  Sulphate  of  lead,  diffused  through 
water  slightly  acidulated  with  sulphuric  acid,  is  at  once  decomposed  by  contact  with 
iron  or  Bino :  boiling  solutions  of  carbonate  of  potash,  or  of  soda,  also  decompose  it, 
with  the  formation  of  carbonate  of  lead,  and  sulphate  of  the  alkali. 

Nitrai$  af  LeacU 

Preparation. — By  digesting  litharge  with  nitric  acid,  or  by  acting  upon  metallic 
lead  with  the  same  acid.  In  eiAer  case  the  acid  must  be  in  excess,  otherwise  a  basic 
or  subnitrate  of  lead  is  formed ;  the  tendency  to  generate  basic  or  subsalts  being  a 
characteristic  of  the  protoxide  of  lead.  The  solution  obtained,  as  described,  being 
evaporated  and  set  aside  to  crystallize,  deposits  crystals  of  nitrate  of  lead. 

Aeeiatfs  of  Lead. 

There  exist  seyeral  acetates  of  lead ;  one  neutral,  and  the  remainder  basic,  or  sub- 
acetates. 

Neutral  Acetate  of  Lead, 

Pr^MxraiiofL.'^By  IxHling  litharge  with  dilate  acetic  acid  (vinegar),  taking  care  that 
the  acid  be  always  in  excess;  and  crystallizing  by  slow  evaporation.  Crystals  of 
acetate  of  lead  contain  three  equivalents  of  water ;  hence  their  composition  is  expressed 
by  the  formula  PbO.  C4H3OS  +  3H0. 

ProjMffiw.— Acetate  of  lead  has  a  sweet  taste,  hence  the  popular  name  suffttr  of  lead. 
It  readily  dissolves  in  water,  and  its  solution  exposed  to  the  air  absorbs  carbonic  acid, 
giving  rise  to  the  formation  of  carbonate  of  lead.  Crystals  of  acetate  of  lead  evolve 
the  whole  of  their  water  in  vacuo,  and  also  when  heated  to  212°  F. 

SubacetateSy  or  Basic  Acetates  of  Lead. 

The  best  known  of  these  bodies,  as  also  the  most  important,  is  the  tris,  or  triacetate, 
formed  by  dissolving  neutral  acetate  of  lead  in  water,  and  boiling  the  solution  with  an 
amount  of  litharge  equal  to  the^weight  of  oxide  contained  in  the  original  acetate.  The 
formula  of  this  acetate  is  3PbO.  C4H5O3  +  HO.  When  dissolved  in  water  it  consti- 
tutes the  well-known  Goidard^s  Extract^  employed  in  surgical  and  medical  practice. 

All  the  acetates  of  leistd,  but  more  especially  the  basic  acetates,  have  the  property  of 
combining  with  certain  vegetable  colouring  matters,  and  forming  somewhat  insoluble 
precipitates.  A  good  illustration  of  this  property  is  furnished  by  common  yellow  or 
muscovado  sugar.  If  this  substance  be  dissolved  in  water,  the  solution  heated  to  about 
120°  F.,  and  Goulard's  solution  added, 'a  dehse  ffocculfent  precipitate  forms;  and  the 
sugar  remaining  in  solution  is  almost  freed  from  colouring  matter;  but  it  is  still 
contaminated  with  lead.  The  latter,  however,  may  be  effectually  separated,  even  on  a 
large  scale,  by  a  stream  of  sulphurous  acid.  Taking  advantage  of  this  property,  I 
some  years  since  introduced  subacq)fcate  of  lead  as  a  purifying  agent  in  sugar  refineries, 
using  sulphurous  acid  to  remove  all  excess  of  lead. 
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Chloride  of  Lead, 

Preparation, — By  adding  hydrochloric  acid,  or  any  soluhle  chloride,  to  a  soluble 
salt  of  lead ;  or  by  digesting  protoxide  of  lead  with  hydrochloric  acid. 

Propertiee,^A  white  powder,  somewhat  crystalline,  soluble  in  135  parts  of  cold 
water,  but  considerably  more  soluble  in  hot  water. 

Carbonate  o/Leady  or  White  Lead. 

This  important  substance  is  well  known,  owing  to  its  employment  as  a  white  pig- 
ment. Notwithstanding  its  quality  of  becoming  black  by  exposure  to  atmospheres 
containing  hydrosulphuric  acid  or  hydrosulphate  of  ammonia,  and  the  dangerous  results 
of  handling  it  continuously,  no  other  preparation  has  been  found  competent  to  take  its 
place. 

Carbonate  of  lead  may  be  readily  made  by  bringing  a  solution  of  acetate  of  lead  in 
contact  with  a  soluble  carbonate,  or  gaseous  carbonic  acid,  pure  or  mixed.  On  the 
large  scale,  there  arc  several  processes  of  manufacturing  it,  which  the  limits  of  this 
volume  will  not  permit  me  to  describe. 

General  Characteristics  of  Lead  Salts. 

Sulphuric  acid,  or  soluble  sulphates,  throw  down  a  white  precipitate,  quite  insoluble 
in  watery  sulphate  of  lead,  the  qualities  of  which  have  already  been  described. 

Hydrochloric  acid,  or  solution  of  chloride,  throw  down  the  chloride  of  lead  nearly 
insoluble  in  cold  water. 

Hydrosulphuric  acid  and  hydrosulphate  of  ammonia  throw  down  a  black  pre- 
cipitate. 

Iodide  of  potassium  throws  down  the  yellow  iodide  of  lead. 

Soluble  chromates  and  bichromates  throw  down  the  yellow  chromate  of  lead. 

Ammonia,  carbonate  of  soda,  potash,  and  ammonia,  all  throw  down  a  white  pre- 
cipitate insoluble  in  excess. 

BISMTTTH. 

Equivalent  or  atomic  weight 213 

Specific  gravity 9'9 

Properties — A  crystalline  metal,  white,  but  with  a  certain  tendency  to  redness,  and 
fusing  at  about  510°  Fah.  Bismuth  is  not  affected  by  exposure  to  dry  atmospheric 
air ;  but  if  the  air  bo  moist,  its  surface  slowly  oxidises.  Nitric  acid  is  its  best  solvent ; 
hydrochloric  and  sulphuric  acid  attack  it  only^when  hot,  and  even  then  with  difficulty. 

Bisnuth  and  Oxygen — Oxides  of  Bismuth. 
Three  combinatloDS  of  oxygen  with  bismuth' are  known;  their  composition  is  as 
follows  :— 

BiFmuth.      Oxygen. 

Oxide  of  bismuth' ,2  3 

Peroxide  of  bismuth,  or  bismuthic  acid       ...     2  5 

Intermediate   oxide,  a   compound  of  bismuthic  acid 
with  oxide  of  bismuth 4  8 

Oxide  of  Bismuth. 
The  per-centage  composition  of  oxide  of  bismuth  is  as  follows : — 
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Bismuth 89*86 

Oxygen 10*14 


100*00 
Some  chemists  regard  it  as  a  compound  of  one  equivalent  of  bismuth  plus  one  equi- 
valent of  oxygen ;  but  this  assumption  does  not  accord  with  the  analogies  of  the  oxide. 

Preparation. — (a).  Anhydrous  Oxide, — (1)  By  heating  the  metal  in  contact  with 
oxygen  or  atmospheric  air.  (2)  By  heating  one  of  the  basic  nitrates  of  bismuth. 
(3)  By  boiling  the  hydrated  oxide  next  to  be  described  with  solution  of  potash. 

{b),  Hydrated  Oxide. — ^By  adding  solution  of  potash,  soda,  or  ammonia,  to  one  of 
the  basic  or  subnitrates,  and  not  heating  the  mixture ;  otherwise  the  anhydrous  oxide 
(see  above)  will  be  generated. 

Properties. — ^Anhydrous  oxide  of  bismuth  is  yellow ;  hydrated  oxide  white. 

Salts  of  the  Oxide  of  Bismuth. 

The  most  important  of  these,  and  the  only  ones  of  which  we  need  take  cognizance 
here,  are  the  neutral  nitrate  of  bismuth,  and  the  basic  or  sub -nitrates  of  bismuth,  its 
derivatives. 

Nitrate  of  Bismuth  (neutral). 

Preparation. — By  digesting  metallic  bismuth,  or  its  oxide,  with  nitric  acid,  and 
evaporating. 

Properties. — ^A  colourless  crystalline  deliquescent  body,  having  the  composition  of 
BijOg  3  NOg  -}-  HO.  It  may  be  dissolved  in  a  small  quantity  of  water ;  but  when  the 
amount  of  water  added  is  considerable,  it  decomposes  into  a  solution  which  contains 
oxide  of  bismuth  combined  with  excess  of  nitric  acid,  and  which  is  consequently  a 
supemitrate,  and  a  white  precipitate  which  contains  oxide  of  bismuth,  with  less  nitric 
acid  than  is  found  in  the  neutral  nitrate ;  hence  it  ia  a.  sub  or  basic  nitrate  of  bismuth. 
The  exact  composition  of  the  resulting  super  and  subnitrate  o^  bismuth  varies  accord- 
ing to  the  relative  amount  of  water  added.  One  of  the  subnitrates  of  bismuth  (the 
trisnitrate)  is  used  in .  medicine,  and  the  subnitrates  generally  are  employed  as 
cosmetics.  They  possess  the  disadvantage,  however,  of  blackening  by  exposure  to 
hydrosulphuric  acid  or  the  hydrosulphates. 

The  peroxide  of  bismuth^  or  bismuthic  acid,  merits  but  slight  attention :  it  is  prepared 
by  transmitting  chlorine  through  potash  solution  in  which  hydrated  oxide  of  bismuth 
is  suspended,  or,  still  better,  adding  solution  of  hypochlorite  of  soda  to  the  hydrated 
oxide,  and  boiling.  Peroxide  of  bismuth  is  a  brown  powder,  not  capable  of  uniting 
with  acids. 

General  Characteristics  of  Salts  of  Bismuth. 

(1)  Decomposition  by  the  addition  of  water. — We  have  already  seen  that  the  addi- 
tion of  water  to  nitrate  of  bismuth  decomposes  the  salt  into  supemitrate,  and  sub- 
nitrate.  All  salts  of  bismuth  participate  in  this  quality,  thus  furnishing  the  most' 
striking  characteristic  of  the  metal ;  not  that  bismuth  stands  alone  in  this  respect,  but 
it  furnishes  the  most  conspicuous  example. 

(2).  Hydrosulphuric  acid,  and  hydrosulphates  throw  down  a  black  precipitate  not 
soluble  in  excess. 

(3).  Alkalies  and  their  carbonates  yield  white  precipitates  insoluble  in  excess  of 
precipitant. 

(4).  Copper,  iron,  or  zinc  immersed  in  a  solution  of  bismuthic  salt,  throw  down 
metallic  bismuth  as  a  black  powder. 
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ANTIHONT. 

Equivalent,  or  atomic  weight  ...      129 
Specific  graYity 6*8 

This  important  metal  is  chiefly  found  in  nature  as  a  sulphuret,  thougli  not  pure. 
The  commercial  designation  of  native  sulphuret  of  antimony  is  simply  aniimotiy^ 
whereas  antimony  in  a  chemical  sense  is  termed  in  commercial  language  reffuUu  of 
aiUimony. 

Properties. — Antimony  is  a  white,  crystalline,  exceedingly  brittle  metal ;  it  melts 
at  ft  heat  below  redness,  volatilizes  at  a  white  heat,  and  has  a  specific  gravity  of  about 
6*8.  It  may  be  exposed  to  cold  atmospheric  air,  moist  or  dry,  without  oxidation,  but 
when  strongly  heated  it  crumbles  into  oxide.  Nitric  attacks  it  energetically,  binoxide 
of  nitrogen  being  liberated,  and  antimonic  acid  (a  white  powder)  remaining. 

Comhinattom  of  Antimony  tcilh  Oxygen — Oxides  of  Antimony, 

Three  of  these  compounds  are  known  :  oxide  of  antimony,  antimonioua,  and  anti- 
monic acids.  Many  chemists  regard  the  second  as  a  combination  of  the  first  and 
third.  The  per  centage  composition  of  these  oxygen  compounds  is  well  detezmined ; 
but  chemists  are  not  agreed  as  to  their  exact  atomic  constitution.  Some  consider 
oxide  of  antimony  to  be  composed  of  two  equival^ita  metal  plus  three  of  ofxy^en,  and 
to  be  represented  by  the  formula  Sb^  O3 ;  others  believe  tiie  amount  of  antimony  eom- 
faiiied  with  the  three  of  oxygen  to  represent  one  atom.  Similarly,  antimonic  add  may 
be  regarded  as  composed  of  Sb,  O5  or  Sb  O5,  and  antimonious  add  may  be  regarded  as 
Sbj  0«  or  Sb  O4.  I  shall  adopt  the  latter  of  these  hypotheses—not  as  being  neoei- 
aarily  the  coireet  one^  but  as  being  the  more  convenient. 

Oxide  of  Antimony — (Sb,  OJ. 

iVvpara^bit.— (1)  By  projecting  powdered  antimony  into  a  large  cruoible  heated  to 
redness,  when  brillLant  crystals  of  oxide  of  antimony  are  produced,  but  they  are  liable 
to  be  contaminated  with  antimonious  acid.    A  better  process  is  the  following : — 

(2)  By  pouring  gradually,  and  in  small  portions,  chloride  of  antimony  into  a  boil- 
ing solution  of  earbonate  of  soda.  Crystalline  anhydrous  oxide  of  antimony  is  by  this 
treatment  thrown  down. 

Propertisi. — A  grayish- white  substance,  whidi  fuses  at  a  red  heat,  and  Tolatillzes  at  a 
heat  short  of  full  whiteness.  When  heated  in  contact  with  atmospheric  air,,  or  osygen 
gas,  it  absorbs  the  latter  and  becomes  raised  to  the  eondition  of  antimonious  add.  Oxide 
of  antimony,  notwithstanding  its  containing  the  minimum  <^  oxygen,  is  atlier  acid 
than  basic :  it  readily  unites  whfa  potash  and  soda,  forming  true  salts,  whidi,  however, 
do  not  admit  of  aystallisation.  Both  sulphuric  and  nitric  add  combine  wxUi  oxide  of 
antimony  in  several  proportions,  but  the  resulting  salts  are  very  unstable,  and  have  not 
been  much  studied.  The  most  important  compound  is  tartar  emetic  (tartrate  of  anti- 
mony and  potash),  much  used  as  a  therapeutic  agent.  Tartar  emetic  may  Be  diluted 
with  water  to  any  extent  without  decomposition,  and  it  is  almost  the  onlycompoandof 
oxide  of  antimony  to  which  the  remark  applies. 

Aniimamous  ^rO^Sb  O4). 
Preparation. — By  projecting  powdered  antimony  into  a  large  crucible,  heated  io 
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redness  as  in  the  preparation  of  oxide  of  antimony;  but  continuing  the  operation 
longer. 

Properties, — ^A  dirty  white  powder,  not  volatile,  and  infusible.  When  recently  pre- 
pared it  slightly  dissolves  in  water  and  in  acids,  but  not  otherwise.  It  combines  with 
alkalies,  but  does  not  yield  well-characterized  salts.  From  its  alkaline  solutLons  it 
falls  as  a  hydrate  on  the  addition  of  acids. 

Antimonic  acid,  a  cnid  b. 

Under  the  general  designation  of  antimonic  acid,  two  isomeric  bodies  were  long 
included ;  they  are  now  distinguished  as  antimonic  and  weUhontmonic  acids.  In  this 
respect  antimonio  acid  resembles  j^^tf^/ionb  and  stannic  acids. 

Antimonic  Acid,  A. 

JPreparaiion. — When  strong  nitric  acid  is  poured  upon  metallic  antimony,  a  violent 
action  takes  place,  binoxide  of  nitrogen  being  evolved  and  antimonic  acid  combined 
with  water  (hydrated),  and  perhaps  mixed  with  some  nitnc  acid  remaining.  If  this 
hydrated  product  be  heated,  anhydrous  antimonic  acid  results. 

Jhroperties. — ^A  yellowish- white  powder,  which  decomposes  when  heated  to  rednesB ; 
oxygen  being  evolved  and  antimonious  acid  remaining.  Antimonic  aeid  can  be  made 
ta  unite  with  bases,  generating  a  class  of  salts  termed  antimonates,  all  of  which  are 
decomposed  by  mixture  with  almost  any  acid,  hydrated  antimonic  acid  being  thrown 
down.  Two  antimonates  of  potash  are  known,  the  mono-  and  the  bi-antimoniate« 
Neutral  salts  of  this  acid  contain  one  equivalent  of  base. 

Antimonic  Add,  b — Meta-aniimonic  Acid. 

Preparation,— By  decomposing  perchlorido  of  antimony  by  the  addition  of  water. 
The  antimonic  acid  thrown  down  by  this  treatment  is  hydrated.  If  it  be  heated  short 
of  redness,  the  water  of  hydration  is  evolved,  and  anhydrous  antimonio  acid,  similar 
in  all  respects  to  that  just  described,  is  obtained.  Hence  it  i^pears  that  the  distinctLve 
characteristics  of  antimonio  and  meta-antimonio  acid  only  refer  to  the  hydrated  sub- 
stances.   Meta-antimonic  acid  forms  neutral  salts  with  two  equivalents  of  base. 

Antimony  ioith  Hydrogen. 
This  is  a  compound  of  great  importance,  though  its  atomic  constitution  is  not  know% 
inasmuch  as  it  has  never  been  obtained  pure.  The  great  interest  of  antimoniuretted 
hydrogen  depends  on  the  circumstance  that  arsenic  also  combines  with  hydrogeD| 
forming  a  compound  similar  in  many  respects  to  antimoniuretted  hydrogen,  and 
therefore  liable  to  be  confounded  with  it  by  an  inexperienced  operator.  Antimoniu- 
retted hydrogen  is  generated  whenever  hydrogen  gas  is  developed  in  a  liquid  holding 
antimony  in  solution.  It  is  a  colourless  gas,  combustible  like  hydrogen,  and  during 
the  act  of  combustion  deposits  a  crust  of  metallic  antimony.  Although  the  general 
similarity  of  this  antimonial  crust  to  a  deposition  of  metallic  arsenic  has  led  to  mis- 
takes, tluBy  are  wholly  inexcusable ;  (me  characteristic  is  alone  sufficient  to  distinguish 
tiie  two  m^allio  depositions ;  it  is  this :  the  antimonial  crust  is  ahnost  incapable  of 
volatilization  by  the  heat  of  a  !^irit-lan^>  flame,  whereas  the  arsenical  crust  volatilizes 
i«adily  under  this  treatment.  There  are  other  more  elaborate  eharacteristics  of 
distinction  between  the  two,  but  the  one  mentioned  is  in  most,  if  not  aUy  cases 
sufficient. 
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Antimony  with  Su/phvr-^ulphurets  of  Antimony. 

Two  of  these  sulphurets  are  known ;  they  may  be  distinguished  as  the  native  sul- 
phuret  and  sulpho-antimonic  acid. 

Native  Sulphwet,  composition  Sb  S3. — A  gray  metallic  brittle  substance,  easily 
fusible  and  crystalline ;  it  constitutes  the  only  antimonial  ore.  Sulphuret  of  anti-  | 
mony  haying  this  composition  may  be  also  artificially  prepared,  either  by  melting  \ 
together  sulphur  and  antimony  in  due  proportions,  or  by  transmitting  hydrosulphuric  | 
acid  gas  through  solution  of  tartar  emetic.  When  generated  by  the  last  process,  , 
sulphuret  of  antimony  is  orange-red ;  but  in  composition  it  is  identical  with  the  other  | 
variety.  By  some  it  is  described  as  a  hydrated  sulphuret,  but  the  water  seems  to  I 
be  a  casualty ;  it  may  be  totally  expelled  by  application  of  gentle  heat,  leaving  the  ' 
sulphuret  still  red;  but  if  the  heat  be  still  raised  the  sulphuret  twma  black,  like 
the  native  variety,  and  the  variety  prepared  by  fusing  together  sulphur  and  metallic  ' 
antimony. 

The  change  which  ensues  when  sulphuret  of  antimony  is  roasted,  or  strongly  ] 
heated  with  a  current  of  atmospheric  air  playing  over  it,  is  peculiar.    Most  sulphurets,  | 
when  treated  in  this  manner,  either  yield  sulphurous  or  sulphuric  acids,  or  both,  by  | 
the  oxidation  of  sulphur ;  whilst  the  metal  of  the  sulphuret,  simultaneously  oxidising, 
forms  an  oxide,  which  combines  with  sulphuric  acid  generated,  yielding  a  sulphate. 
When  sulphuret  of  antimony  is  strongly  roasted,  a  portion  of  sulphur  escax)es  nncom- 
bined,  and  a  portion  of  oxide  of  antimony  is  formed ;  subsequently  the  oxide  and  sid-  I 
phuret  of  antimony  combine,   forming  an  oxysulphuret,  which  fuses  into  a  hard  | 
yellowish-red  vitreous  body.     Oxide  and  sulphuret  of  antimony  combine  in  many  pro-  : 
portions,  forming  many  oxysulphurets.  \ 

When  sulphuret  of  antimony  is  boiled  with  caustic  or  carbonated  alkalies  it  is  dis-  ; 
solved ;  and,  by  virtue  of  certain  decompositions,  to  be  presently  explained,  oxide  of  • 
antimony  is  first  deposited  on  cooling,  and  afterwards  red,  sulphuret  of  antimony.  , 
The  latter  was  termed  by  the  older  chemists  Kermes  mineral.  The  decompositions  which  1 
ensue  on  boiling  sulphuret  of  antimony  with  caustic,  or  carbonated  alkaline  solutions,  ! 
are  as  follow : — Firstly,  double  decomposition  takes  place  between  the  alkali  (we  will  ' 
assume  it  to  be  potash)  and  a  portion  of  sulphuret  of  antimony,  sulphuret  of  potassium  ' 
being  formed  and  oxide  of  antimony  thrown  down,  as  represented  by  the  accompanying  \ 
diagram ; — 

Potash  /Potassium y  Sulphuret  of  potassium 


Sulphuret  of  (Sulphur, 
antimony     (  Antimony -^  Oxide  of  antimony 


Of  these  bodies,  the  sulphuret  of  antimony  remains  in  solution,  and  the  oxide  of 
antimony  deposits ;  but  on  concentrating  the  solution  by  boiling,  the  sulphuret  of 
potassium  combines  with  a  portion  of  undecomposed  sulphuret  of  antimony,  from 
which  a  portion  of  the  latter  separates  in  cooling,  in  the  form  of  Kermes  mineraL  If 
to  the  hot  solution,  holding  sulphuret  of  antimony  and  sulphuret  of  potassium,  hydro- 
chloric acid  be  added,  a  mixture  of  oxide  and  sulphuret  of  antimony  is  thrown  down, 
constituting  the  oxysulphuret  of  antimony  of  the  English  pharmacopoeia. 
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This  sulpliiiret  of  antiraony,  tlie  compoBitioQ  of  whicli  is  indicatcid  by  tit*  formula 
Sb  Sj.  in  generated  by  transmitting  a  current  of  bydrosulpliuric  acid  tlirough  a  solution 
of  percMoride  of  antiraoay  in  dUutc  liydrochloric  acid,  when  it  precipitates  as  a  yellow 
powder.  It  may  be  generated  &ho  by  the  following  proceaa : — ^Euil  a  miztme  of 
IS  parts  of  finely-powdtirod  flulphuret  of  antimonj,  17  of  dry  carbonate  of  sodu, 
13  parts  of  lime  prevlou^y  gkked,  and  3^  porta  of  sulpbuiv  in  suMcie^nt  water  to 
reduce  tlie  whole  to  the  conditiLm  of  tbia  gruel ;  by  which  trc^tmeiit  carbonatG  of 
lime,  antimonate  of  soda,  gulpburet  of  sodium,  and  Bulpburet  of  antimony  are  formed. 
Of  these  bodies,  the  first  h  insoluble,  the  aecond  very  nearly  so,*  By  evaporating 
th©  solution  to  a  certtin  estout  and  allcjwing  it  to  cool,  tbey  may  be  separat^jd  whilst 
the  two  aulpbureta  combine  together,  and  form  an  antimonio-sulphurct  of  snlpbnret 
of  potassium,  which  may  be  obtained  in  crystals.  If  a  solution  of  this  double  sul- 
phuret  be  Tnixtd  with  dilute  sulphuric  acid,  decomposition  en?;uKS,  and  pentasulphuret 
of  antimony,  otherwiae  called  sulpho-antioionie  aeid,  h  precipitatisd. 

AH  the  aulphurets  of  antimony,  but  mnre  especially  the  fiulphuret  precipitated  from 
an  antimouial  solutiou  when  bydrosulphujrie  acid  ia  transmitted  through  itj  may  he 
decompoacd  by  beating  it  in  eontaet  with  a  current  of  hydrogen  gas ;  when  hydro- 
sulphuric  acid  is  formed,  and  roetaUic  antimony  remains.  Tbis  operation  is  of  great 
utility  in  toxic ological  invcatigation,  aa  serving  to  dciermine  the  presence  of  antimony, 
Tv'ithout  any  conBiderablo  loag  of  the  metal ;  hut  it  ia  seldom  eligible  as  a  means  of  rigid 
quantitative  analysis,  in  conseq^uenoe  of  the  tendency  of  a  portion  of  antimony  reduced 
to  combine  with  tho  passing  hydrogen,  and  generate  antimoniutctted  hydrogen  gm. 
The  apparatus  employ^  fox  effecting  the  decompositien  of  sulphuret  of  antimony, 

by  a  current  of  hydrogen  gas, 
is  ELB  represented  in  the  accom- 
panying diagram,  a  rcpro* 
senta  a  Woulfe's  bottle, 
adapted  to  tbe  purpose  of 
generating  hydrogen  gas  by 
the  contact  of  dilute  aulphuric 
acid  (poured  through  t)  with 
gmnulated  aiuc*  Tbe  hy- 
drogen thus  evolved  ia  moist, 
but  on  passing  through  frag- 
ments of  fused  diloride  of 
ealcinm,  in  lbs  tube  h,  it  is  dried.  The  sulphuret  of  antimony  to  be  decomposed  is 
thrust  into  the  tube  c,  as  represented  in  the  diagram,  and  subjected  to  the  bent  of  a 
spirit-lamp  flame,  whUBt  a  current  of  dry  hydrogen  gas  passing  over  it  removes  sul- 
phur, forms  hydrosulphnric  acid  gas,  and  Icayes  metallic  antimony.  The  collateral 
formation  of  antimoniuretted  hydrogen  already  adverted  to^  not  being  taken  eogubsonce 
of,  tbe  decomposition  whioh  ensuea  is  as  follows  ; — 

Hydrogen-'  ~'  7  Hydroaulphnric  acid 


Bulphuret  of  antimony      | 


7' 


Sulphur 
Antimony  - 


-remains  in  the  tube 


•  ITeso^  andmonle  acid  bocoRie*  a  t«it  for  soda. 
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In  the  pictorial  diagram  just  given,  the  tube  from  which  the  hydrosulphuric  acid 
gas  emerges  is  seen  to  pass  into  a  beaker  glass  <f,  containing  a  solution, — that  solution 
is  acetate  of  lead,  and  its  purpose  is  to  indicate  that  the  (^eration  is  proceeding  satis- 
factorily. Whilst  docomposition  of  sulphurct  of  antimony  proceeds,  hydroenlphuiic 
acid  continues  to  be  liberated,  and  of  course  blackens  any  soluble  lead-salt  -which  may 
bo  exposed  to  it.  By  changing  the  lead  solution  from  time  to  time,  we  leam  when 
the  decomposition  has  ceased,  for  no  sooner  is  this  point  arriyed  at  than  the  lead 
solution  ceases  to  be  blackened. 

Anthrums  with  Chkrin$ — Chloride  9f  Antimamiif. 

Two  chlorides  of  antimony  are  known,  corresponding  respectiTcly  witJi  oxide  of 
antimony  and  antimonic  acid.  The  former  may  be  correctly  designated  terdiloride, 
and  the  latter  pentachloride  of  antimony. 

Terthloride  of  A7ttimony—{Sh  CI3.) 

This  useful  and  long-known  compound,  known  by  the  designation  "  hittter  of 
antimony"  may  be  prepared  by  various  methods. 

(1)  By  transmitting  chlorine  through  a  tube  containing  powdered  antimony  in 
excess.  The  chlorine  muat  be  passed  very  slowly,  otherwise  pentachloride  of  antimoDY 
would  be  formed. 

(2)  By  distilling  in  a  glass  retort  a  mixture  of  1  part  pulverized  metallic  anti- 
mony and  2  parts  corrosive  sublimate. 

(3)  By  digesting  native  sulphuret  of  antimony  in  hydrochloric  acid,  and  evapo- 
rating the  solution  still  containing  excess  of  acid. 

Froperties. — ^A  white  easily  fusible  compound,  capable  of  being  volatHiz^ed  at  a  low 
red  heat,  and  which  at  ordinary  atmospheric  temperature  assumes  the  consistence  of 
fat  J  whence  the  name  butter  of  antimony,  by  which  it  is  popularly  known.  Tcr- 
sulphuret  of  antimony,  like  nitrate  of  bismuth,  may  have  a  certain  portion  of  water 
added  to  it  without  decomposition  ensuing ;  but  the  addition  of  larger  portions  of 
water  causes  the  deposition  of  a  subsalt  (a  subchloridc),  by  which  quality  chloride  of 
antimony,  and,  indeed,  antimonial  salts  generally,  are  assimulated  to  those  of  biamutii. 
Tartar  emetic  frumishes  almost  the  only  exception.  The  white  prsBipiitated  sobsalts 
generated  by  the  dilution  of  terchloride  of  antimony  with  water  vary  in.  ponderable 
composition,  according  to  the  relative  amounts  of  water,  and  i^hloride  of  antimony 
employed  in  generating  them.  They  are  knofwn  by  the  popular  name  of  **  powder  of 
Algaroth." 

Pentachloride  ofAntimony-^S^Cl^. 

It  has  already  been  stated,  that  if  in  preparing  the  compound  juat  descsiibed  the 
chlorine  be  transmitted  too  rapidly,  pentachloride  oi  antimony  is  g^ierated.  The 
latter  substance  is  indeed  prepared  by  transmitting  chlorine  oyer  heated  powdered 
antimony.  It  is  next  to  impossible  so  to  regulate  the  (^eration  liiat  some  of  the 
terchloride  of  antimony  shall  not  be  simultaneously  generated,  but  the  two  may  be 
readily  separated  by  distillation ;  terchloride  of  antimony,  as  we  have  already  seen,  not 
being  volatile  at  a  heat  short  of  redness,  whereas  the  pentachloride  may  be  distilled 
from  an  ordinary  glass  retort ;  the  first  portions,  however,  which  come  over  always 
hold  a  little  free  chlorine,  and  should  be  rejected. 

Properties. — ^Pentachloride  of  antimony  is  a  liquid  almost  colourless,  and,  as  we 
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have  seen,  easily  yolatilizable.    It  undergoes  spontaneoua  decomposition  when  exposed 
to  tiie  air,  and  more  especially  if  heated. 

Distinctive  Ckaracterietiea  of  Aniimonial  SoluHont, 

The  recognition  of  the  presence  of  antimony  is  of  especial  importance,  inasmnch  as 
die  metal,  owing  to  its  yielding  a  somewhat  yellow  (orange)  precipitate  with  hydro- 
sulphuric  acid,  and  to  its  demeanour  with  hydrogen,  is  sometimes  confounded  with 
arsenic.  The  first  point  to  be  remembered  in  searching  for  antimony  in  organic 
solutions,  such  as  the  contents  of  the  stomach,  for  example,  is  the  tendency  of  most 
solutions  containing.themetal  to  be  decomposed  by  the  addition  of  water,  yielding 
subsalts  which  precipitate.  All  these  precipitates,  without  exception,  are  soluble  in 
tartaric  acid ;  hence  it  is  proper  to  begin  an  inyestigation  for  antimony,  supposed  to  be 
present  in  organic  solutions,  by  addition  of  tartaric  acid ;  when  any  subsalts  which 
might  have  been  present  will  be  dissolved,  and  may  now  be  filtered.  The  chief 
characteristics  of  antimony  in  solution  are  the  following : — 

(1)  A  current  of  hydrosulphuric  acid,  even  in  acid  solutions,  throws  down  an 
orange-coloured  precipitate,  which  being  incorporated  with  black  flux  (a  mixture  of 
carbonate  of  potash  and  carbon,  made  by  projecting  a  mixture  of  two  parts  of  cream 
of  tartar  and  one  part  of  nitre  into  a  large  red  hot  crucible),  and  strongly  heated  in  a 
glass  tube,  yields  metallic  antimony,  not  capable  of  being  perceptibly  volatilised  by  the 
strongest  heat  of  a  spirit-lamp  flame.  This  last  is  a  very  important  characteristic,  dis- 
tinguishing antimony  from  arsenic  ;  the  latter  metal,  as  we  shall  hereafter  discover, 
may  bo  chased  from  one  extremity  of  a  closed  glass  tube  to  the  other  by  the  heat  of  a 
spirit-lamp  flame.  Instead  of  reducing  sulphuret  of  antimony  by  heating  it  in  contact 
with  black  flux,  it  is  even  better  to  effect  a  similar  result  by  transmitting  hydrogen 
gas  over  it,  as  described  at  page  473. 

(2)  A  solution  containing  antimony  being  added  to  the  materials  for  liberating 
hydrogen  gas  (t.e.  sulphuric  acid,  water,  and  zinc),  antimoniuretted  hydrogen  gas  is 
formed,  which  deposits  a  crust  of  metallic  antimony  when  ignited,  or  when  passed 
through  a  narrow  glass  tube  heated  by  a  spirit-lamp  flame.  In  connxion  with  the 
generation  of  antimoniuretted,  or  with  arseniuretted  hydrogen,  it  is  of  especial  import- 
ance to  bear  well  in  mind  the  fact  that  both  zinc  and  sulphuric  acid  occasionally  con- 
tain arsenic  as  a  casual  impurity.  The  absence  of  arsenic  can  be  insured  by  liberat* 
ing  a  portion, of  hydrogen  fi:t>m  the  zinc,  sulphuric  acid,  and  water,  and  igniting  it  as  a 
jet  previously  to  the  addition  of  a  supposed  antimonial  solution. 

TBLLUBIXTM. 

Equivalent^  or  atomic  weight  •        .        •    642 
Specific  gravity 6*26 

Notwitlistanding  the  metallic  aspect  and  considerable  density  of  tellurium,  its 
Illations  so  nearly  approach  those  of  sulphur  and  selenium,  that  its  claims  to  the 
metallic  character  are  not  fully  admitted.  It  occurs,  for  the  most  part,  in  association 
with  bismuth,  gold,  silver,  or  lead ;  occasionally,  however,  it  has  been  found  isolated. 
Tellurium  may  be  most  readily  extracted  from  Hungarian  sulpho-telluret  of  Bismuth, 
found  near  Gnenmitz,  by  a  process  of  which  the  following  presents  an  outline :— Equal 
weights  of  the  powdered  ore  and  dry  carbonate  of  soda  are  made  into  a  paste  with  oil 
and  exposed  to  a  strong  white  heat  in  a  covered  crucible.      By  this  operation  metallic 
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bismuth  is  liberated,  and  sulphuret  and  telluret  of  sodium  formed.  The  two  latter 
constitute  a  fused  mass,  which  being  dissolved  in  water,  and  the  solution  exposed  to  the 
atmosphere,  decomposition  ensues :  metallic  tellurium  is  deposited,  and  caustic  soda, 
mixed  with  hyposulphite  of  soda  being  formed  by  oxidation  of  the  sulphur  preriously 
contained  in  the  sulphuret  of  sodium. 

Froperties. — In  colour  tellurium  assimilates  itself  to  silver  and  to  antimonj.  It  is 
a  brittle  metal  and  a  bad  conductor  of  heat  and  electricity.  It  fuses  by  a  heat  slightly 
below  redness,  and  at  a  higher  temperature  volatilizes.  If  atmospheric  air  be  admitted 
whilst  the  tellurium  is  yet  hot  it  bums,  yielding  teUurious  acid.  Two  oxides  of  tellu- 
rium are  known,  tellurious  acid  Tc  Oj,  and  telluric  acid  Te  O3.  They  are  produced 
from  tellurium  exactly  as  selenious  and  selenic  acids  are  produced  from  selenium,  to 
which,  therefore,  the  student  may  refer.  The  remaining  combinations  of  tellurium  are 
unimportant. 

▲BSENIC,   OR  ABSENICUM. 

Equivalent,  or  atomic  weight         .        .       75 
Specific  gravity     ....    about    5'8 

Arsenic  is  rarely,  though  sometimes  found  uncombined  in  nature  ;  but  by  far  the 
largest  amount  is  obtained  by  a  process  of  sublimation  from  ores  (arseniurets)  contain- 
ing it.  Arseniurets  of  iron,  nickel,  and  cobalt  are  the  chief.  When  an  arseniuret  is 
heated  in  an  atmospheric  current,  the  metallic  arsenic  oxidises,  becomes  arsenious  add, 
sublimes,  and  condenses. 

Preparation. — Metallic  arsenic  or  arscnicum  is  obtained  by  incorporating  arsenious 
acid,  or  white  oxide  of  arsenic  as  it  is  sometimes  called,  with  charcoal  or  black  flux, 
and  exposing  the  mixture  to  heat  in  a  close  vessel.  Carbon  uniting  with  oxygen 
forms  carbonic  oxide  and  acid,  whilst  metallic  arsenic  is  reduced,  and  sublimes. 

Properties, — Arsenic  has  a  full  metallic  lustre,  somewhat  like  steel  in  appearance.  It 
is  brittle  and  crystalline.  When  heated  in  vessels  to  which  the  atmosphere  has  free  access, 
it  readily  oxidizes  and  becomes  white  oxide  of  arsenic,  more  properly  called  arsenious  acid; 
but  when  heated  in  close  vessels  it  sublimes  before  fusion,  and  covers  the  interior  of 
the  vessel  with  a  mirror-like  scale.  The  vapour  of  metallic  arsenic  has  the  odour  of 
garlic,  a  characteristic  of  some  importance  in  certain  medico-legal  investigations, 
though  less  valuable  than  formerly.  About  150  years  since,  a  German  writer  on  Toxi- 
cology, Keisseissen,  stated  the  smallest  amount  of  arsenic  he  could  discover  in  a  dead 
body  to  be  ten  grains,  and  he  recommended  as  a  somewhat  delicate  means  of  ascertain- 
ing the  presence  of  arsenic,  to  bum  the  corpse  entire,  and  remark  by  occasional  smelling 
whether  it  gave  off  an  alliaceous  odour.*  This  was  a  somewhat  rude  expedient, 
nevertheless  the  alliaceous  odour  of  vapourized  arsenic  is  not  an  indication  to  be 
despised.  The  student  may  convince  himself  of  the  fact  easily,  as  follows : — Wine  and 
spirit  bottles  have  occasionally  green  lables ;  strip  off  a  portion  of  one  of  these  lables,  bum 
it,  and  remark  the  powerful  alliaceous  odour  which  is  diffused :  this  depends  upon  the 
presence  of  the  arsenical  pigment  called  Scheele's  green. 

Arsenic  with  Oxygen* 

Two  compounds  of  arsenic  with  oxygen  are  known ;  both  of  them  have  acid  pro- 
perties, and  combine  with  bases  to  form  definite  salts :  they  are  arsenious  acid  ASO3, 
and  arsenic  acid  ASO5. 
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Arsenioui  Aeid'^White  Oxide  of  AraetiiCy  or  White  Arsenic, 

This  substanoe  is  of  the  highest  importance,  as  being  the  frequent  agent  of  criminal 
or  accidental  poisoning.  Although  the  yiolence  of  arsenious  acid,  considered  as  a 
poison,  is  inferior  to  that  of  many  others,  there  are  few  substances  so  much  to  be 
feared,  being  almost  tasteless ;  it  can  be  mixed  with  articles  of  food  and  swallowed 
without  discovery,  and  there. is  no  practically  efficient  antidote  for  staying  its 
destructive  agency. 

Properties, — Arsenious  acid  occurs  as  a  heavy  white  vitreous-looking  substance, 
breaking  with  a  conchoidal  fracture.  Some  varities  are  almost  transparent,  others  are 
opaque ;  the  difference  between  the  two  not  being  referable  to  any  variety  in  chemical 
composition,  but  merely  to  an  allotropic  cause.  The  opaque  variety  is  slightly  more 
soluble  in  water  than  the  other,  100  parts  of  boiling  water  dissolving  about  11  J. 
Nearly  three-fourths,  however,  of  this  amount  separate  as  the  water  cools.  Alkaline 
solutions  readily  dissolve  arsenious  acid,  generating  salts  called  arsenites.  Hydro- 
chloric and  sulphuric  acid  also  dissolve  it ;  more  especially  the  former :  boiled  with 
nitric  acid  it  acquires  more  oxygen,  and  becomes  arsenic  acid  As  O5.  Arsenious  acid 
can  bo  readily  sublimed,  tbe  heat  of  a  spirit-lamp  flame  being  amply  sufficient  for  the 
purpose.  Its  vapour  condenses  and  yields  small  but  brilliant  octahedral  crystals,  which 
are  very  characteristic.  Solutions  of  arsenious  acid  yield  no  precipitate  with  nitrate  of 
silver,  except  ammonia  or  some  other  alkali  be  present;  nor  must  the  alkali  be  in  excess. 
But  when  the  nitrate  of  silver  and  alkali  are  duly  apportioned  a  yellow  precipitate 
occurs,  similar  in  appearance  to  phosphate  of  silver,  for  which  it  is  occasionally  mis- 
taken. The  mixture  in  proper  proportions  of  nitrate  of  silver  with  ammonia,  and 
called  ammoniacal  nitrate  of  silver,  is  a  valuable  test  for  indicating  the  presence 
of  arsenious  acid.  Ammoniacal  nitrate  of  silver  is  prepared  by  adding  solution  of 
ammonia  to  solution  of  nitrate  of  silver,  until  the  oxide  of  silver  thrown  down  is  nearly 
dissolved,  but  not  quite.  Proceeding  thus,  the  operator  is  assured  that  ammonia  does 
not  exist  in  excess.  Arsenic  acid,  the  next  compound  to  be  described^  yields  a  pre- 
cipitate with  arsenic  acid,  even  though  no  alkali  be  present,  and  the  precipitate  is 
brick-red. 

Solution  of  sulphate  of  copper  treated  with  solution  of  ammonia,  as  just  described 
for  nitrate  of  silver,  forms  what  is  called  ammoniacal  sulphate  of  copper,  which  is  also 
a  delicate  test  for  arsenious  acid,  with  which  it  throws  down  a  green  precipitate 
(Scheele's  green). 

Hydrosulphuric  acid  and  hydrosulphates  throw  down  a  yellow  precipitate. 

The  method  of  discovering  the  presence  of  arsenious  acid  in  organic  solutions,  and 
separating  it  for  judicial  purposes,  will  be  described  presently ;  before  doing  so,  it  is 
desirable  to  discuss  the  characteristics  of  the  other  arsenical  preparations. 

Arsenic  Acid — (As  OJ. 

Preparation. — ^Arsenious  acid  is  boiled  with  successive  portions  of  nitrohydrochloric 
acid  until  nitrous  acid  fumes  are  no  longer  evolved ;  the  solution  being  evaporated  to 
dryness,  yields  anhydrous  arsenic  acid. 

Properties, — Anhydrous  arsenic  acid  is  a  white  non-crystalline  body,  easily  soluble  in 
water,  and  yielding,  on  slow  evaporation  of  the  aqueous  solution,  crystals  of  hydrate  of 
the  acid.  By  strongly  heating  arsenic  acid  it  suffers  decomposition,  oxygen  gas  and 
arsenious  acid  being  evolved.    It  will  be  seen,  by  inspection  of  the  formula  As  O5,  that 
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arsenic  acid  is  analogous  in  composition  to  phosphoric  acid.  Like  phosphoric  acid 
also,  it  is  tribasic,  and  it  forms  salts  isomorphons  with  phosphates,  thus  estahliahing  a 
more  complete  parallelism  between  the  two.  Three  aneniateB  of  soda  sre  known,  in 
two  of  whidi  water  counts  for  a  portion  of  the  three  bask  equiyaleiitB.  The  alkali  ni» 
phosphates  which  contain  basic  water  part  with  the  latter  when  strongly  lieated ;  but, 
unlike  tiie  alkaline  phosphates,  they  reoorer  the  basic  water  again,  by  Te0olntia&  in 
that  Uqaid. 

Arsenic  acid  in  solution  yields,  with  nitrate  of  silver,  a  brick-red  jHieeijiitate, 
which  is  the  arseniate  of  oxide  of  silver ;  it  also  yields  a  yellow  anlphuiet  wiiSb.  hydro- 
solphuiic  acid  and  hydrosulphates.  The  snlphuret  prodnoed  xmder  these  einnim- 
stances  is  similar  in  colour  to  that  yielded  under  parallel  conditions  with  azBentoos 
acid  and  arsenitcs ;  but  it  differs  in  compoation,  and  is  not  precipitated  wi&  efual 
facility. 

Axseniates,  or  combinations  of  arsenic  acid  witili  bases,  may  be  prepared  directly  by 
saturating  the  acid  with  base  and  eyaporating ;  frequently,  too,  they  admit  of  being 
prepared  by  deflagrating  arsenious  acid  with  the  nitrate  or  chlorate  o^the  base  intended 
to  enter  into  combination  with  arsenic  acid, — the  change  is  referable  to  the  powerfuBf 
oxidising  agency  of  nitric  and  chloric  acids. 

Arwmie  with  Bffdroffen — AnemunU  of  Hydrogen, 

Two  of  these  compounds  are  known,  one  is  a  gas  the  other  a  solid.  GiaseoQS 
arseniuret  of  hydrogen — or  arseniurettsd  hydrogen,  as  it  is  more  frequently  termed—- is 
of  especial  interest  in  toxocological  researches  inyolying  the  extraction,  of  arsenic. 

Gaseoua  Arseniuret  of  Eydrogtn^  or  Arstmuretted  JSydroffou. 

FrtparatUm. — By  generating  hydrogen  gas  in  contact  witii  any  arsenical  solution, 
the  gas  in  question  is  formed,  mixed  however  with  variable  portions  of  hydrogen,  of 
which  I  shall  take  no  cognizance  here,  seeing  that  the  presence  of  such  does  not  a£fect 
the  points  in  connexion  with  arseniuretted  hydrogen,  to  which  attention  wiH  be  here- 
after drawn. 

The  propeity  which  nascent  hydrogen  possesses  of  oombining  with  arsenic  and 
forsung  anenimetted  hydrogen,  is  of  such  great  importance  that  the  student  should 

fkmiliarize  himself  with  it 
For  this  purpose  he  eannot 
do  better  than  employ  the 
simple  apparatus  composed 
of  a  phial  bottle  of  about  six 
ounces  oapitcity,  having  at- 
tached to  it  a  perforated  cork 
and  tube  bent  at  right  angles 
and  drawn  out  into  a  jet,  as 
represmted  in  tiie  accompa- 
nying diagram : 

The  materials  fbr  gene- 
rating hydrogen, — viz^  zinc 
and  dilute  sulphuric  acid,  being  put  into  the  bottle  A,  hydrogen  will  be  evolved.  Let 
the  operator  first  assure  himself  that  neither  the  zinc  nor  the  sulphuric  acid  em^oyed 
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contains  arsenic ;  this  he  may  do  by  igniting  the  gu  as  it  escapes  through  the  jet, 
and  i^fTP^'ng  the  tongue  of  flame  to  play  against  a  piece  of  white  porcelain, — a  plate, 
for  instanice.  If  the  gias  bum  without  producing  any  stain  the  matenals  are  free  from 
aisenifi.  X«et  the  operator  now  remove  the  oork,  and  drop  into  the  bottle  where 
hydrogen  18  still  being  developed,  the  minutest  quantity  of  a  solution  of  arsenious  acid, 
and,  having  waited  a  few  seconds,  \intil  all  the  atmospheric  air  contained  in  the  bottle 
haa  been  otxk^U^,  again  ignite  the  jet  of  gas.  It  will  now  be  found  to  bum  in  a  very 
different  manner.  It  will  deposit  a  black  mirror-like  stain  on  the  white  porcelain ;  it  will 
deposit  a  similar  stain  within  the  horizontal  glass  tube,  corresponding  with  the  portion  ^ 
heated  by  the  spirit- 
lamp  flame ;  and  lastly, 
if  burned  in  a  tube 
open  at  both  ends  and 
held  at  an  angle  as  in 
the  annexed  diagram, 
the  interior  of  the  tube 
will  become  coated 
with  two  layers,  one 
of  metallic  arsenic,  the 
otherof  arsenious  acid. 

Arseniuretted  hydrogen  thus  employed,  as  a  means  of  removing  and  discovering 
arsenic,  is  called  Marsh's  test,  from  its  inventor,  Mr.  Harsh.  There  is  no  chemical 
impediment  to  its  acting  in  organic  solutions, — such  as  the  contents  of  a  stomach,  for 
example ;  but  a  mechanical  action  sometimes  interferes.  Occasionally,  with  certain 
kinds  of  organic  solutions,  a  bubbling  or  frothiness  occurs,  causing  moisture  to  pass 
through  the  delivery  tube,  and  extinguish  the  jet.  A  little  oil  raized  with  the 
hydrogen-liberating  arsenical  solution,  will  sometimes  remedy  this  defect ;  or  occa- 
sionally a  few  filaments  of  asbestos :  nevertheless,  it  will  be  generally  advisable  to 
separate  a  portion  at  least  of  the  organic  matter,  by  processes  soon  to  be  described, 
before  having  recourse  to  the  arseniuretted  hydrogen  test. 

The  second,  or  solid,  combination  of  arsenic  with  hydrogen,  may  be  disposed  of  in 
few  words :  it  is  fonnd  in  small  quantity  during  the  combustion  of  the  preceding 
compound. 

Bttlphur  with  Arsenic — Suiplmreta  ofAraenicM 

Of  these  oompomids,  several  are  known ;  but  their  individual  ccmsideiration  will  be 
unnecessary.  It  will  snffioe  to  divide  them  into  realgar,  or  the  red  sulphuret,  and 
orpiment,  or  yeHow  sulphurets. 

lUalffary  As  S,,  is  found  native,  and  it  may  also  be  formed  artificially  by  heating  a 
mixture  in  the  necessary  atomic  proportions  of  arsenious  or  arsenic  acids  with  sulphur. 
It  is  red,  and  like  aU  other  sulphurets  of  arsenic  volatile,  and,  like  them,  yields  up 
metallic  arsenic  when  mixed  with  black  flux,  and  heated  in  close  vessels. 

Orpiment  (auri  pigmentum)  also  occurs  naturally,  and  may  be  prepared  by  fusing  a 
mixture  of  arsenious  acid  and  sulphur  in  due  proportions,  or  by  precipitating  a  solution 
of  arsenious  acid  and  by  hydrosulphuric  acid.  Both  these  orpiments  have  the  composition 
As  Sg.  The  orpiment  generated  by  transmitting  hydrosulphuric  acid  through  a  solu- 
tion of  arsenic  acid  has  the  composition  of  As  S5,  and,  therefore  is  the  sulphur  corre- 
spondent of  arsenic  acid. 
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Chlorine  with  Arsenic — Chloride  of  Armme. 

Only  one  compound  of  chlorine  with  arsenic  is  known.  It  is'prepared  by  tranamitting 
chlorine  over  arsenic  as  in  the  process  of  generating  the  chlorides  of  sulphur  and  of  phos- 
phorus. It  may  be  also  prepared  by  distilling  a  mixture  of  one  part  metallic  arsenic 
and  six  of  corrosiye  sublimate.  Chloride  of  arsenic  is  a  volatile  colourless  liquid, 
boiling  at  269'*Fah.  and  evolving  a  vapour,  the  density  of  which  is  6-3. 

In  dealing  with  organic  solutions  containing  arsenious  acid  and  hydrochloric  add, 
it  is  necessary  to  bear  in  mind  and  provide  against  the  volatility  of  chloride  of  anenic, 
as  wc  shall  learn  in  the  sequel. 

Toxieologieal  Examination  for  Arsenious  Acid, 

Toxicologlcal  chemistry  is  a  department  of  itself :  one  elaborate  and  complex,  involv- 
ing special  points  of  consideration  which  treatises  on  general  chemistry  do  not  usuallv 
take  cognizance  of.  The  subject  of  arsenious  acid,  however,  regarded  as  a  poison,  is  so 
important  that  an  outline  at  least  of  its  toxieologieal  relations  must  be  given. 

The  discovery  of  arsenious  acid  in  colourless  solutions,  free  from  organic  matter  is 
a  problem  of  sufficient  ease :  when,  however,  organic  matters  are  present,  especially 
when  the  latter  are  thick  and  coloured,  the  difficulties  increase,  and  the  utmost  care  and 
skill  of  the  experimenter  are  required. 

Toxieologieal  knowledge  to  be  valuable  should  be  available.  In  all  that  relates  to 
the  administration  of  antidotes  there  is  no  time  for  consulting  books, — ^the  antidote  to  be 
useful  should  be  given  at  once.  Cases  of  poisoning  by  arsenious  acid  are  chiefly 
those  in  which  it  has  been  administered  by  a  second  party  ;  the  instances  in  which  it 
is  taken  as  a  suicidal  agent  arc  more  rare.  This  is  an  important  circumstance  for  remem- 
brance. The  time  which  elapses  between  the  administration  of  arsenious  acid  and 
the  manifestation  of  symptoms  of  poisoning,  will  vary  according  to  the  state  of  aggre- 
gation of  the  material.  A  case  is  on  record  of  a  person  biting  off  small  pieces  of  massive 
arsenious  acid ;  the  symptoms  did  not  manifest  themselves  for  some  hours,  whereas  if 
the  poison  be  swallowed  in  powder,  or  in  partial  solution,  the  effects  are  manifested 
more  speedily— rarely,  however,  in  less  time  than  half  an  hour :  this  too  is  an  impor- 
tant x>oinc  to  be  remembered.  It  is  astonishing  how  half  digested  knowledge  fleets 
away  in  the  terror  and  excitement  attendant  on  poisoning.  I  once  remember  being 
called  to  visit  an  individual  supposed  to  have  been  poisoned ;  she  was  a  girl  who,  having 
determined  to  commit  suicide,  obstinately  refused  to  supply  any  information.  I  found 
her  supported  by  a  medical  man  and  his  assistant,  one  on  each  side.  They  were  walk- 
ing her  up  and  down  the  room  with  the  intention  of  preventing  sleep,  the  idea  being 
that  she  had  taken  a  poisonous  dose  of  laudanum.  The  only  reason  for  the  impression, 
and  a  very  illogical  reason  it  was,  consisted  in  the  fact  that  the  dress  was  stained 
with  dark  spots.  Now  laudanum  is  dark  coloured,  hence  in  the  opinion  of  these 
concerned  she  had  taken  laudanum.  But  the  patient  was  in  agonies ;  her  lips  were 
parched  and  corroded,  and  the  ejected  matter,  although  it  had  blackened  the  white  parts 
of  her  dress,  had  tinged  a  black  handkerchief  red.  Apparently  the  poison  which  she  had 
taken  was  oil  of  vitriol ;  and  a  tumbler  found  on  the  mantelpiece,  still  sour  from  linger- 
ing portions  of  the  fatal  draught  completed  the  evidence.  Half  an  hour  had  been  lost 
by  the  disgraceful  mistake,  and  each  step  the  patient  had  been  made  to  take  was  a  step 
towards  death.     She  died  of  course. 

Treatment  of  a  Case  of  Poisoning  hy  Arsenious]  Acid, — Supposing  the  poisoning  to 
have  been  clearly  traced  to  arsenious  acid,  copious  draughts  of  hydrated  peroxidie  of 
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iron  suspended  in  water  should  be  at  once  given.  This  substance  cannot  be  purchased ; 
it  must  be  prepared  when  wanted,  by  adding  ammonia  or  its  carbonate  to  tincture  of 
chloride  of  iron,  a  liquid  which  may  be  procured  at  any  druggists.  Two  or  three 
quarts  of  the  tincture  may  be  taken,  and  ammonia,  or  cai-bonate  of  ammonia,  in  solution 
added  until  no  further  precipitation  is  occasioned.  The  precipitate  is  collected  on  a  thin 
piece  of  texture,  say  a  handkerchief  well  washed  with  boiling  water  to  remove  the 
alkali,  and  administered ;  meantime  medical  advice  should  be  sought,  and  the  stomach- 
pump  employed,  for  even  the  hydrated  oxide  of  iron  is  not  an  antidote  to  be  relied 
upon.  Arsenious  acid  is  almost  the  only  irritant  poison  in  the  treatment  of  cases  of 
poisoning  by  which  the  stbmach  pump  is  eligible. 

Detection  of  Arsenious  Acid  in  Mixed  Solutions. 

(1)  Let  us  assume  that  arsenious  acid  is  supposed  to  exist  in  a  stomach,  the  contents 
of  which  are  milk,  beer,  bread,  and  meat :  a  mixture  of  greater  complexity  than  this 
does  not  usually  occur.  The  investigation  should  be  conducted  as  follows : — Place  the 
stomach  on  a  clean  glass  or  porcelain  dish,  cut  it  open  with  scissors,  turn  out  the 
contents,  and  examine  the  mucous  or  internal  coat  of  the  stomach  carefully  by  a  lens. 
Any  little  white  particles  discovered  by  this  scrutiny  should  be  carefully  removed,  and 
their  nature  determined  by  one  or  more  of  the  tests  for  arsenious  acid  already  detailed. 
If  the  presence  of  arsenious  acid  be  thus  determined  much  trouble  will  be  saved,  and 
the  operator  will  proceed  with  greater  confidence. 

(2)  The  mixed  solution  being  thrown  upon  a  cloth  filter,  or  rather,  a  fine  net,  is  to 
be  roughly  strained,  the  solid  matter  well  washed  with  distilled  water,  separated,  and 
put  aside.    Let  us  indicate  this  solid  matter  by  A. 

(3)  The  filtrate,  or  what  has  come  through  the  filter,  is  now  to  be  strongly  acidu- 
lated with  acetic  acid,  by  which  means  a  considerable  portion  of  organic  matter  will  be 
reduced  to  the  solid  condition.  Straining  will  remove  this  solidified  matter,  which, 
being  washed  with  hot  water,  is  to  be  added  to  A. 

(4)  The  filtrate  is  now  to  be  evaporated  over  a  lamp  or  on  a  sand  bath  to  dryness, 
taking  care  that  the  heat  applied  be  not  sufficiently  high  to  cause  the  evaporation  and 
loss  of  any  part  of  the  arsenious  acid.  This  avoidance  of  loss  may  be  insured  by 
thrusting  several  fine  slips  of  paper  quite  through  the  material  under  process  of  drying, 
in  such  manner  that  one  end  of  each  slip  of  paper  may  come  in  contact  with  the  dish. 
From  time  to  time  a  slip  is  to  be  withdrawn;  and  immediately  the  lower  end  of -one 
of  these  slips  becomes  somewhat  dark,  from  incipient  charring,  the  process  of  heating 
must  cease.  The  dish  and  its  contents  being  allowed  to  cool,  hot  water  is  added  to 
effect  the  solution  of  arsenious  acid,  and  the  dried  material  is  to  be  added  to  A.  This 
process  of  solution  and  re-evaporation  several  times  repeated  will  usually  succeed  in 
effecting  the  separation  of  enough  organic  matter  to  permit  the  application  of  tests. 

(5)  A  portion  of  the  filtrate  or  filtered  liquor,  now  somewhat  free  from  organic 
matter,  is  to  be  acidulated  with  hydrochloric  acid,  and  boiled  with  slips  of  metallic 
copper.  Probably  a  coating  of  arsenic  wiU  be  deposited  on  the  copper ;  if  so,  the 
whole  of  the  filtrate  may  be  treated  separately,  for  theie  can  be  no  better  means  of 
effecting  the  separation  of  arsenic  out  of  solutions  containing  arsenious  acid.  Some- 
times, however,  the  process  will  not  succeed,  on  account  of  the  presence  of  nitrates  and 
some  other  bodies.  This  is  called  Reinsch's  test.  The  copper  slips  with  arsenical 
coating  are  to  be  collected,  dried,  placed  in  a  test-tube,  and  the  tube  heated,  when 
arsenic,  quickly  changing  to  arsenious  acid,  by  further  application  of  heat  sublimes. 
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(6)  If  Reinsch's  test  does  not  succeed,  dilate  ndphnric  acid  and  xinc  are  to  be 
placed  in  the  yessel  depicted  at  page  478,  or  at  page  473,  and  the  absence  of  snenie 
determined  as  stated  at  page  479  ;  a  portion  of  the  filtrate  is  now  to  be  added,  and  the 
remaining  portion  of  the  operation  conducted  as  before  mentioned  (page  479).  In 
order  to  gnard  against  the  inconTenience  of  frothing  or  bnbUing,  a  pledget  of  cotton- 
wool or  asbestos  may  be  placed  in  the  tnbe,  which,  in  diagram  page  47S,  cantains  dried 
chloride  of  calcium :  chemically  dry  araeninretted  hydrogen  gas  is  not  reqiiized  in  oar 
present  experiment. 

(7)  The  remaining  portion  of  the  filtrate  may  (though  it  is  tmneccasm^  if  the 
preceding  schemes  of  treatment  succeed  to  have  reconrse  to  any  other)  be  preei^tated 
by  hydrosulphuric  acid,  and  the  resulting  sulphuret  collected,  and  reduced  by  means 
of  black  flux  and  heat 

It  now  remains  to  deal  with  the  solid  matters,  A ;  and,  before  the  processes  to  be 
followed  are  described,  it  will  be  necessary  to  remind  tlie  stadent  that  arsenioiB  acid  is 
converted  into  aYsenic  acid  by  boiling  with  nitric  or  nitro  hydrochlorio  acid ;  in  like 
manner  arsenions  acid,  by  ignition  with  nitrate  or  chlorate  of  potash,  becomee  aneniaie 
of  potash.  These  facts  being  remembered,  the  chemistry  of  the  following  «Jw^<«nfHt 
win  be  intelligible.  Cut  the  solid  matter  into  small  pieees,  and  boil  wilb  solution  sf 
potash  until  all  tiie  animal  matter  is  dissolred,  or  at  least  very  mnch  disintegiratod ; 
next  add  nitric  acid  in  excess  by  gradual  small  proportions,  and  eTsporate  the  wlule  to 
dryness.  The  dry  material  being  removed  and  packed  in  a  porcelain  or  plaitinvm 
crucible,  is  to  be  incinerated  until  aU  carbonaceous  matter  is  bomed  away.  Arseniate 
of  potash  now  remains,  from  which  sulphuret  of  anenic  may  be  'ftrown  down  by  a 
current  of  hydrosulphuric  acid.  The  sulphuret  being  coltectcd,  mized  with  black  ^^, 
and  heated  in  a  tube,  yields  metallic  arsenic. 

In  this  sketch  of  Hie  process  to  be  followed  in  effecting  the  sepervtion  of  arsenie 
from  organic  bodies  containing  arsenious  add,  no  i^plieation  has  been  made  of  what 
are  known  as  liquid  tests — namely,  ammoniaeMl  nitrate  of  siher  and  awHmenuual  w/ylirtf 
of  copper.  The  fact  is,  that  the  tests  in  question  are  subject  to  many  fallftfj^  wh&a. 
applied  to  organic  arsenical  liquid ;  if,  howerer,  the  operator  have  applied  one  or  both 
of  these  tests,  he  should  be  aware  that  the  precipitates  yielded  by  them,  if  twaenieal, 
yield  a  characteristic  arsenical  crust  when  mixed  with  black  flux,  and  heated  in  a  tube 
closed  at  one  end. 

IHstinetum  between  the  Arsenical  and  the  Anttmcmacal  Crust. — Snlphnret  of  anti- 
mony and  sulphurets  of  arsenic,  to  which  may  be  added  arsenical  solids  genertlkf,  are 
both  decomposed  when  mixed  with  black  finx,  and  heated  in  a  tnbe  cloeed  at  one  end, 
the  metal  arsenic  or  antimony  being  liberated  in  either  case.  Much  is  written  con- 
cerning the  probability  of  confounding  the  metals ;  but  the  mistake  can  only  occur  to 
a  very  careless  operator.  Metallic  arsenic  is  easily  yolatUized  by  mere  spiiit-laaq) 
heat,  and  can  readily  be  chased  from  one  end  of  a  cloeed  tube  to  the  other,  yieldiag  a 
fresh  crop  of  arsenious  acid  crystals  by  each  fresh  Tolatilization.  Antimony  does  not 
admit  of  being  thus  easily  Tolatilized,  not  even  when  the  flame  is  intensified  by  means  of 
the  blowpipe.    This  simple  characteristic  suffices  to  distingnish  the  two  metallic  crusts. 

Docs  Arsenic  exist  as  a  Normal  Constituent  of  Animal  bodies  f — Orfila  at  one  time 
entertained  the  affirmatiye  opinion,  but  he  subsequently  altered  this  opinion.  From 
time  to  time  the  question  has  been  since  mooted,  but  I  think  we  may  take  it  for 
granted  that  the  most  skillfally  derised  and  carefully  executed  chemical  proeesses  hare 
failed  to  diseoTer  arsenic  as  a  normal  constituent  of  animal  structoxea. 
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Change  of  Arsenious  Acid  into  Sulphuret  of  Arsenic  (prpiment)  hy  Contact  with 
Decomponng  Animal  Matter^. — Sulphur  being  a  constituent  of  animal  matters,  and 
bjdrosulpliurio  acid  boing  a  result  of  their  decomposition,  it  follows  that  ft  corpse 
interred  with  arsenious  acid  (white  arsenic)  in  the  stomach  or  intestines,  allowed  to 
remain  bnried  lome  time,  atad  subsequently  exhumed,  may  not  contain  a  trace  of 
arsenioua  acid  reBUKUung,  the  whole  of  the  latter  haying  been  converted  into  orpiment. 


Equivalent  or  atomic  weight 
Specific  gravity 


This  is  a  rare  metaL  It  ia  chiefly  found  in  two  minerals,  pitchblende  and  wanitey 
£rom  the  first  of  which  it  is  generally  extracted  in  the  condition  of  nitrate  of  sesqui- 
oxide  of  uranium  by  the  following  process : — Pitclfblende  having  been  reduced  to  fine 
powder,  is  treated  with  nitric  acid,  the  solution  evaporated  to  dryness,  and  re-dissolved 
by  water.  The  solution  is  again  evaporated  to  a  convenient  extent,  and  set  aside  to 
deposit  crystals  of  nitrate  mixed  with  sesquioxide  of  uranium.  The  mother  liquor 
being  decanted,  is  evaporated  a  second  time,  to  cause  a  fredx  deposition  of  crystals. 
But  the  mother  liquor  stiJl  contains  nitrate  of  uranium,  which  refuses  to  crystallixe  on 
account  of  the  large  amount  of  extraneous  bodies  present,  chiefly  copper,  lead,  and 
arsenic.  These  metals  are  all  precipitated  by  a  current  of  hydrosulphuric  acid  gasy 
which  does  not  throw  down  uranium.  The  liquor  being  now  filtered  and  evaporated, 
yields  a  third  and  final  crop  of  nitrate  of  uranium,  still  mixed  with  slight  impurities, 
from  which  it  is  isolated  by  means  of  ether,  which  has  the  property  of  dissolving 
nitrate  of  uranium. 

Jkveloptaent  or  Freparation  of  Uranium.-^By  acting  on  its  chloride  by  potassium, 
amilarly  to  the  process  employed  for  developing  magnesium. 

Uranium,  with  Oxygen  Oxides  of  Uranium.— Two  distinct  oxides  of  uranium  are 
known — the  protoxide  XJO,  and  the  sesquioxide  U.^03. 

Protoxide  of  Uranium. 

Pr$paration.^{\)  By  transmitting  a  current  of  dry  hydrogen  gas  over  the  oxalate 
of  sesquioxide  of  uranium,  heated  to  redness  in  a  porcelain  tube* 

(2)  As  a  hydrate,  by  adding  solution  of  ammonia  to  protochloride  of  nranium. 

Protoxide  of  uranium,  when  heated  to  redness,  absorbs  oxygen,  and  yields  a  black 
oxide,  having  the  formula  U3O4.  It  is  to  be  regarded  as  a  salt  rather  than  a  distinct 
oxide,  and  may  be  considered  as  a  compound  of  protoxide  and  sesquioxide  of  uranium. 
Heated  still  more  strongly,  it  becomes  further  changed  into  another  compound  oxide, 
represented  by  2UO.U2O3. 

.    Sesquioxide  of  Uranium-^^Jd^, 

This  oxide,  which  is  the  base  of  yellow  uranium  salts,  has  not  yet  been  isolated ; 
but  the  hydrate  of  sesquioxide  of  uranium  U2O3  +  2H0  is  formed  by  exposing  a 
solutk>n  of  oxalate  of  uranium  to  solar  light,  collecting  the  brown  matter  produced  on 
a  filter,  and  exposing  it  freely  to  atmospheric  air.  Hydrated  sesquioxide  of  uranium 
is  a  yellow  powder. 
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Salts  of  the  Oxides  of  Uranium, 

There  are  not  many  salts  of  the  protoxide  of  uranium,  and  those  which  exist  are 
unimportant.  Their  solutions  are  characterized  by  a  green  tint.  The  sesquioxide  of 
uranium  forms  a  large  number  of  readily  crystalUzable  salts,  haying  an  atomic  consti- 
tution different  from  all  other  known  salts  of  a  sesquioxide.  Salts  of  sesquioxide  of 
uranium  furnish  the  only  exception  to  the  rule,  that  the  number  of  atoms  of  nitric  acid 
in  a  nitrate  is  five  times  the  number  of  atoms  of  oxygen  in  the  base,  and  the  number  of 
atoms  of  sulphuric  acid  in  a  sulphate  is  three  times  the  number  of  atoms  of  oxygen  in 
the  base.  Now  the  nitrate  of  sesquioxide  of  uranium,  even  when  crystallized  from  a 
solution  holding  a  large  excess  of  acid,  has  the  formula  of  U,0,  SO3  ;  whereas,  to  be 
accordant  with  other  sulphates  of  sesquioxides,  it  should  haye  the  composition  of 
UsOg  3SO3.  Again,  the  nitrate  of  sesquioxide  of  uranium,  eyen  when  crystallized  out 
of  a  solution  containing  a  large  excess  of  acid,  has  the  composition  IJ2O3  NO5.  With  the 
yiew  of  explaining  this  anomaly,  some  chemists  regard  sesquioxide  of  uranium  as 
really  the  protoxide  of  a  radical  termed  wanile^  which  latter  has  the  composition  of 
protoxide  of  uranium  reduplicated,  and  consequently  would  be  expressed  as  (2U0). 
According  to  this  theory,  sesquioxide  of  uranium,  or  protoxide  of  uranile,  would  be  ex- 
pressed by  (2X10)0,  when  the  nitrate  of  sesquioxide  of  uranium  would  be  indicated  by 
(2TJ0)0  NOs,  and  the  sulphate  of  sesquioxide  of  uranium  by  (2X70)0  SO,. 

A  yellow  colour  is  the  general  characteristic  of  all  the  solutions  containing  sesqui- 
oxide of  uranium,  or  protoxide  of  uranile.  Alkalies  throw  down  from  these  solutions 
a  yellow  precipitate  compound  of  the  oxide  (acting  as  an  acid)  with  the  alkali.  Car- 
bonates of  alkalies  also  throw  down  a  yellowish  precipitate,  which  is  a  double  carbonate 
of  the  alkali  with  sesquioxide  of  uranium.  All  the  green  or  protosalts  of  uranium  may 
be  converted  into  the  yellow  or  sesquisalts  by  boiling  with  nitric  acid. 

The  black  or  compound  oxide  of  uranium  is  employed  in  the  arts  of  glass-staining 
and  porcelain-painting  to  impart  a  black  colour ;  the  sesquioxide  is  used  in  the  same 
arts  for  imparting  a  yellow  colour. 

General  Characteristics  of  Sesquisalts  of  TTranium. 

A  solution  assumed  to  contain  uranium  should  be  boiled  with  nitric  acid,  for  the 
purpose  of  raising  the  metal  to  the  condition  of  sesquioxide,  when  the  following  tests 
will  indicate  the  presence  of  uranium : — 

Solutions  of  potash  and  soda  throw  down  a  yellow  precipitate. 

Ferrocyanide  of  potassium  yields  a  mahogany-coloured  precipitate. 

Hydrosulphate  of  ammonia  throws  down  a  dark-brown  precipitate,  but  hydro- 
sulphuric  acid  none. 

TUNGSTEN,  SCHEELIUM,    OB  WOLFRAMIUM. 

Equivalent  or  atomic  weight        .         .        .95 
Specific  gravity 17-5 

Preparation. — (1)  By  transmitting  a  current  of  hydrogen  gas  over  tungstic  acid, 
heated  to  redness  in  a  porcelain  tube. 

(2)  By  heating  tungstic  acid  mixed  with  charcoal  powder  and  oil,  in  a  crucible 
lined  with  charcoal. 

Properties — A  lustrous  metal  of  difficult  fusibility,  not  oxidising  by  exposure  to  the 
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air  at  ordinary  temperature,  but  absorbing  oxygen  at  a  red  heat,  being  converted  into 
tungstic  acid.  Nitric  acid  attacks  tungsten  violently  even  whilst  cold,  changing  it 
into  tungstic  acid ;  and  a  similar  change  is  effected  by  hot  sulphuric  acid. 

Combinationa  of  Tungsten  with  Oxygen — Binoxide  of  Tungsten-^iy^O^. 

I^-eparaium. — (1)  By  transmitting  a  current  of  hydrogen  over  tungstic  acid,  heated 
not  above  duU  redneas,  in  a  tube  of  porcelain. 

(2)  Mix  intimately  two  parts  of  powdered  wolfram  (native  double  tungstate  of 
iron  and  manganese)  with  four  parts  of  carbonate  of  potash,  and  fuse  the  mixture  in  a 
platinum  crucible.  Act  on  the  fused  mass  by  water  and  filter.  The  filtrate  contains 
tungstate  of  potash ;  it  is  to  be  evaporated  to  dryness,  with  one  part  of  sal-ammoniac, 
the  residue  calcined  at  a  red  heat,  and  lixiviated  with  water,  when  the  binoxide  of 
tungsten  wiU  remain  in  the  form  of  a  black  powder. 

J^operties.^-The  binoxide  of  tungsten  is  a  black  powder,  readily  absorbing  oxygen, 
and  changing  to  tungstic  acid  when  heated  in  the  presence  of  atmospheric  air ;  it  also 
generates  tungstic  acid  when  boiled  with  a  strong  solution  of  caustic  potash. 

Tungstie  -4c»rf— (WOg). 

Preparation. — ^We  have  already  seen  that  metallic  tungsten,  or  binoxide  of  the 
metal,  generates  tungstic  acid  when  strongly  heated  in  presence  of  atmospheric  air ;  it 
may  be  also  readily  prepared  by  acting  upon  tungstate  of  lime  with  hot  nitric  acid, 
which  removes  the  lime  and  leaves  the  tungstic  acid. 

Properties. — ^A  yellow  powder,  insoluble  in  water  and  in  acids,  but  soluble  in 
ammoniacal  and  fixed  alkaline  solutions,  provided  it  has  not  been  calcined. 

The  sulphurets  and  chlorides  of  tungsten  are  not  important. 

MOLYBDENUM. 

Equivalent  or  atomic  weight .        .        .46 
Specific  gravity 8*6 

Preparation, — (1)  By  transmitting  a  current  of  hydrogen  gas  over  either  of  the 
oxygen  compounds  of  molybdenum  contained  in  a  porcelain  tube,  and  heated  to  redness. 

(2)  By  mixing  either  of  the  oxygen  compounds  of  molybdenimi  with  charcoal 
powder  and  oil,  and  heating  the  mixture  strongly  in  a  crucible  lined  with  charcoal. 

Properties. — A  brittle  white  metal  of  great  infusibility,  and  changing  by  absorption 
of  oxygen,  when  heated  in  atmospheric  air,  into  molybdic  acid. 

Compounds  of  Molybdenum  with  Oxygen, 

Three  oxygen  compounds  of  molybdenum  are  known, — the  protoxide,  the  binoxide, 
and  molybdic  acid. 

Protoxide  of  Molybdenum-^  QUO), 

Preparation, — Hydrochloric  acid  is  poured  into  a  solution  of  molybdate  of  potash, 
soda,  or  ammonia,  untU  all  the  molybdic  acid  first  thrown  down  is  redissolved.  A 
sheet  of  zinc  now  being  immersed  in  the  liquor  speedily  colours  it  black,  owing  to  the 
generation  in  it  of  chloride  of  zinc  and  protochloride  of  molybdenum.  Ammonia  is 
now  to  be  dropped  in  until  the  liquid  becomes  colourless,  and  all  the  molybdenum  has 
been  thrown  down  in  the  condition  of  protoxide.  The  latter  must  be  collected,  rapidly 
washed  and  dried  without  atmospheric  contact. 
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Binoxide  of  Molyhdmumr—QiO^, 
Preparation,— {!)  By  the  application  of  heat  to  molybdate  of  ammonia  ofmtainwl  in 
a  closed  vessel. 
*  (2)  By  calciniiig  a  mixture  <^  molybdate  of  aoda  and  •al-ammoniac. 
Properties. — Binoxide  of  molyhdenum  is  a  reddiah-brown  crystalline  powdei^  vhich 
unites  with  water  and  generates  a  hydrate,  something  like  hydrate  of  peroxide  of  izon. 

Molyhdic  Add, 

This  is  the  most  importmt  of  all  the  oxygen  compounds  of  molybdenum;  md  J&om 
ity  as  we  have  seen,  the  other  oxygen  compounds  of  the  metal  ase  generated. 

Pr^lMraiiom, — ^It  has  been  stated  that  when  n?ptft\l^c  molybdenum  is  strong^  lieated 
in  the  presence  of  atmospheric  air  it  becomes  oanyerted  into  mdybdic  acid ;  practically 
however,  the  preparation  of  molybdic  acid  is  anterior  to  that  of  molybdeniim,  and  is 
conducted  as  follows : — ^Native  bisulphuret  of  molybdenum,  Mo  S^  is  digertftd  with 
hot  nitrohydrochloric  acid,  by  which  treatment  the  sulphur  of  the  minftral  is  con- 
yerted  into  sulphuric  acid,  and  the  molybdenum  into  molybdic  acid.  The  whole  is 
CTaporated  to  dryness,  and  the  residue  being  digested  with  ammonia,  molybdate  of 
ammonia  is  formed,  and  may  be  obtained  in  crystals  by  CTa^^ralion.  JBj  atzoag^y 
heating  molybdate  of  ammonia  in  the  presence  of  atmospheric  air,  decompositiQn 
ensues,  ammonia  is  evolTed,  and  molybdic  acid  remains. 

Properties, — A  white  powder,  which  may  be  Tolatilixed  at  a  stroi^  xed  hea^  but 
with  difficulty.  When  recently  precipitated  from,  solutions  containing  it»  molybdic 
acid  is  slightly  aolnble  in  water,  but  completely  insoluble  in  that  liquid,  afier  haTing 
been  calcined.  It  is  more  sduUe  in  adds,  nevertheleai  it  does  not  act  aa  the  basic 
constituent  of  any  well-defined  and  permanent  salts. 

TAKADITM. 

Equivalent  or  atomic  weight    .        .        .        .        68*6 
Specific  gravity uncertain 

Tanadiimi  is  a  rare  metal,  which  occurs  in  combination  with  iron  in  certain  parts 
of  Sweden,  and  slso  associated  with  lead,  as  vanadiate  of  the  oxide  of  that  metaL 

Preparaiiom  of  Vanadium, — (1)  By  heating  vanadic  acid  with  potassium  in  a 
platinum  crucible,  and  acting  on  the  residue  with  water,  by  which  treatment  potash  is 
dissolved  out,  and  vanadium  remains. 

(1)  By  transmitting  ammoniacal  gas  over  chloride  of  vanadium  heated  to  redness 
in  a  glass  tube. 

Pnfperties. — ^A  white,  brittle,  lustrous  metal,  highly  infusible,  and  very  unchange- 
able, not  being  acted  upon  by  air,  water,  sulphuric,  nitric,  or  hydrofluoric  acid  ;  nitro- 
hydrochloric  acid  dissolves  it  however,  generating  a  blue  solution. 

Componndt  of  Vanadinm  with  Ojypan, 

Three  of  these  compounds  are  known — ^Protoxide  of  vanadium,  VO ;  binoxide  of 
vanadium,  TO^ ;  and  vanadic  acid,  VO,. 

Protoxide  ef  VaniidiNai, 
Pr^paratioM. — By  heating  vanadic  acid  in  a  current  of  hydrogen  gas. 
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Bmoxide  cf  Vanadium, 

Preparation. — (1)  By  mixing  ten  parts  protoxide  of  vanadium  with  twelve  of  vana- 
dic  acid,  and  heating  the  mixture  in  a  vessel  holding  carbonic  acid  gas. 

(2)  Thrown  down  as  a  hydrate  bj  the  addition  of  carbonate  of  soda  to  any  salt  con- 
taining the  binoxide  as  base. 

Properties. — The  anhydrous  binoxide  is  a  black  powder,  which,  if  exposed  to  the 
atmosphere,  and  especially  if  heated,  absorbs  oxygen,  and  becomes  vanadic  acid.  The 
hydrated  binoxide  is  a  grayish- white  powder,  changing  to  brown  by  exposure  to  the 
air,  tcom  absorption  of  oxygen. 

y anodic  Acid. 

Preparation.— "By  dissolving  native  vaaadiate  of  lead  in  mitiic  aoid,  the  iormat  ia 
dflflompoaedy  nitrate  of  lead  being  generatad,  and  vanadic  tygd  set  free.  Water  being  now 
added  a  eolutioii  of  nitrate  of  lead  results,  and  vanadio  aoid  being  imsoluUe  remaias; 
being  impure,  however,  it  is  taken  up  by  ammonia  in  the  form  of  vanadiate  of  ammo* 
aia,  crysttUiKed  1^  eviq^oration,  and  fixudly  the  vanadiate  of  amirwiiia  deecmpoBed  by 
heat,  when  ammonia  ia  expelled  and  pure  vaaadic  acid  remains. 

FrepgrUu, — A  deep  orange-coloured  or  brown  powder,  almost  iotoliiUe  in  water, 
more  aoluble  ia  acids  (although  it  does  not  yield  definite  salta  with  them),  but  readily 
oembinet  with  iiasea  £wming  vamdiMiMy  of  whieh  these  containing  an  alkaline  base 
are  sduhle  in  water.  Vanadic  aeid  is  a  powerfully  oxidising  agent,  readily  imparting 
oxygen  to  bodies  eharaeterized  by  a  stroig  tendency  to  appropciate  that  element-Hraoh 
ae  aulphnroiu  add,  augar,  alcohol,  &c. 

Vanadium  with  Chlorine — Chloride*  of  Vanadium, 

Two  chloridei  of  vanadium  are  known,  the  bichloride  and  the  terdiloridew  She 
former  is  prepared  by  dissolving  vanadio  acid  in  hydrochloric  aeid,  taransmxtting  a  car- 
rent  of  hydrosulphurio  acid  gas  through  the  solution,  and  evaporating  to  dryness.  The 
terchloride  of  vanadium  results  when  a  current  of  dried  chlorine  is  transmitted  over  a 
suxture  of  vanadie  acid  and  charcoaL  Bichloride  of  vanadium  is  a  brown  powder; 
terchloride  of  vanadium  a  yellow  volatile  liquid. 


Atomic  or  equivalent  weight        .        .        .  31'7 
Specific  gravity 8*76  to  8*96 

This  very  important  and  anciently  known  metal  occurs  in  many  parts  of  the  world, 
though  Russia,  Sweden,  and  the  island  of  Cuba  yield  it  in  greatest  purity.  Native 
copper  is  not  un&equent,  but  the  metal  more  frequently  occurs  in  oombiaatuML  with 
oxygen,  sulphur,  and  arsenic ;  carbonate  of  copper  aiao  exists,  though  it  is  more  rare. 
About  half  the  total  amount  of  copper  annually  manufaetured  is  produeed  in  South 
Wales,  from  copper  ores  brought  from  Cornwall,  Australia,  New  Zealand,  and  many 
other  localities.  South  Wales  became  the  head  quarters  of  copper  smelting  on  aoeount 
of  the  immense  coal  fields  of  that  district.  The  practice  of  Wel^  copper  smelting  is 
complex  and  ingenious ;  the  principle  which  it  involves  is,  however  simple,  and  may 
be  rendered  intelligible  by  the  general  statement,  that  whilst  iron,  one  of  lie  impurities 
associated  with  the  greater  number  of  copper  (»es,  has  a  tendency  to  unite  with  oxygen 
when  strongly  heated,  copper  unites  under  similar  cizeumstanees  with  sulphur.    This 
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mixed  product  being  heated  in  contact  with  Biliceous  matter,  silicate  of  oxide  of  iron 
forms,  melts,  and  rises  to  the  surface,  whilst  sulphuret  of  copper  still  undecomposed 
sinks  below.  When  the  iron  slag  (silicate  of  oxide  of  iron)  has  been  removed,  the 
furnace  heat  is  raised  sufficiently  to  effect  the  decomposition  of  sulphuret  of  copper 
into  sulphurous  acid,  which  escapes,  and  metallic  copper,  slightly  contaminated  with 
oxide  of  copper,  remains.  The  metal  holding  this  small  portion  of  oxide  is  deficient  in 
malleability,  hence  the  oxygen  of  the  oxide  must  be  removed ;  this  is  accomplished  by 
the  process  of  copper-refining,  as  it  is  termed.  The  rough  material  being  liquified  by 
fusion,  powdered  charcoal  is  added,  and  the  whole  stirred  by  a  green  wooden  pole. 
It  is  almost  unnecessary  to  remark,  that  the  pole  thus  circumstanced  bums,  evolving 
hydrogenous  matters,  and  yielding  carbon,  both  of  which  are  strongly  attractive  of 
oxygen,  the  removal  of  which  is  consequently  effected. 

Preparation  of  Copper  Chemically  Pure. — By  transmitting  a  current  of  hydrogen 
gas  over  black  oxide  of  copper  heated  to  redness  in  a  tube  of  refractory  glass  or  of 
porcelain. 

Properties, — ^The  physical  properties  of  copper  are  familiar  to  most  persons.  Its 
colour  (red)  is  peculiar.  It  is  soft,  malleable,  and  ductile,  fusible  at  a  strong  red  heat, 
and  volatilizes,  when  heated  to  whiteness ;  the  vapour  burning  with  a  oharacteristic 
green  flame.  Copper  being  frequently  employed  for  the  manufacture  of  culinary 
vessels,  the  changes  which  it  undergoes  when  exposed  to  common  chemical  agents 
demand  attentive  study.  Perfectly  dry  air  does  not  tarnish  copper,  but  exposed  to 
moist  air,  a  greenish  deposit  of  carbonate,  and  oxide  of  copper  results,  to  which  the 
general  term  verdigris  is  sometimes  applied,  though  in  the  rigid  language  of  chemistry 
it  should  be  restricted  to  indicate  acetate  of  oxide  of  copper.  Acid  and  ammoniacal 
fumes  rapidly  act  on  copper  surfaces,  generating  crusts  of  varying  composition,  but 
participating  in  the^  characteristic  of  being  extremely  poisonous.  Oils  aJso  act  upon 
copper  surfaces,  and  what  is  remarkable,  the  action  is  more  vigorous  at  low  than  at 
high  temperatures ;  hence,  food  prepared  in  copper  vessels  should  never  be  allowed  to 
grow  cold  in  them.  The  best  antidote  to  poisoning  by  copper  is  white  of  egg,  beat  up 
with  water,  and  copiously  administered,  followed  by  an  emetic — a  dessert-spoonful 
of  mustard  mixed  with  a  quart  of  warm  water,  and  freely  swallowed,  is  efficient. 

Combinations  of  Copper  with  Oxygen — Oxides  of  Copper, 

There  are  four  compounds  of  copper  with  oxygen — the  suboxide,  protoxide,  bin- 
oxide,  and  cupric  acid. 

Suboxide  of  Copper — (CujO). 

This  oxide  occurs  native,  both  crystallized  and  amorphous ;  it  may  also  bo  pre- 
pared artificially  by  the  following  processes  :~ 

(1)  By  heating  in  a  crucible  a  mixture  of  protoxide  and  metaUic  copper. 

(2)  By  heating  in  a  crucible  a  mixture  of  chloride  of  copper  and  carbonate  of  soda, 
and  acting  upon  the  fiised  result  by  water,  which  dissolves  out  chloride  of  sodium  and 
carbonate  of  soda,  leaving  suboxide  of  copper. 

(3)  By  boiling  a  solution  of  any  protosalt  of  copper  with  sugar  and  solution  of 
potash,  when  the  suboxide  precipitates. 

(4)  As  a  hydrate,  having  the  composition  of  4CU2O  -J-  HO,  by  adding  solution  of 
potash  to  solution  of  protochloride  of  copper. 
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Properties, — ^This  oidde  of  copper  imparts  a  fine  red  tint  to  white  vitreous  matter, 
for  which  purpose  it  is  employed.  In  the  hydrated  condition  it  dissolves  in  ammonia, 
without  imparting  to  the  latter  a  blue  tint,  by  which  characteristic  it  may  be  distin- 
guished from  the  hydrate  of  the  protoxide  of  copper,  next  to  be  described.  The  am- 
moniacal  solution,  however,  if  exposed  to  the  air,  absorbs  oxygen,  protoxide  is  formed, 
and  the  colour  of  the  solution  changes  to  blue. 

Protoxide  of  Copper— {CuO), 

Preparation, — (1)  By  heating  metallic  copper  exposed  to  the  air. 

(2)  By  strongly  igniting  nitrate  of  copper. 

(3)  As  a  pale  green  hydrate,  by  adding  potash,  soda,  or  ammonia  to  any  solution 
holding  protoxide  of  copper.  This  hydrate,  if  boiled  in  the  solution  from  which  it 
has  been  precipitated,  or  if  collected  and  heated,  loses  its  water  of  hydration,  and  is 
converted  into  the  anhydrous  protoxide. 

Properties, — The  protoxide  of  copper  is  a  black  powder,  somewhat  hygrometric, 
and  which  readily  yields  up  its  oxygen  when  heated  in  close  vessels  along  with  carbon, 
hydrogen,  and  some  other  bodies  which  have  the  tendency  to  unite  with  oxygen ;  a 
property  taken  advantage  of  in  the  ultimate  analysis  of  organic  bodies.  It  combines 
with  acids,  and  forms  well-defined  salts,  mostly  crystalline,  and  blue  or  green. 
Hydrated  protoxide  of  copper  dissolves  in  ammonia,  with  the  generation  of  a  blue 
solution,  which  is  very  characteristic. 

Binoxide,  sometimes  called  deutoxide  of  copper  (CuOj),  is  a  compound  of  no  practical 
importance,  formed  by  acting  on  the  hydrate  of  protoxide  of  copper  by  binoxide  of 
hydrogen.    It  is  a  yellowish-brown  powder. 

Cuprie  Acid. 

The  atomic  constitution  of  this  compound  is  unknown.  Cuprate  of  potash  is  pre- 
pared by  heating  a  mixture  of  finely  divided  copper,  potash,  and  nitre,  and  acting  on 
the  solution  by  water ;  cuprio  acid,  however,  has  not  been  isolated. 

CupreotM  Salts. 

Suboxide  and  protoxide  of  copper  are  basic,  uniting  with  acids,  and  forming  well- 
defined  salts ;  binoxide  of  copper  is  neither  acid  nor  basic,  and  cuprie  acid  is  devoid  of 
all  basic  properties.  All  the  most  conmion  and  important  salts  of  copper  are  salts  of 
the  protoxide. 

Sulphate  of  Copper, 

This  important  salt  of  protoxide  of  copper,  known  by  the  popular  name  blue  viiriolf 
may  be  found  by  acting  upon  metallic  copper  with  sulphuric  acid.  ,  It  is  very  largely 
employed  in  many  arts  and  manufactures,  especially  for  the  purpose  of  volta-electric 
deposition,  or  the  electrotype  operation,  as  it  is  called.  Sulphate  of  copper  is  soluble 
in  four  parts  of  cold,  and  half  that  weight  of  boiling  water.  Crystals  of  sulphate  of 
copper  belong  to  the  doubly  oblique  system  of  Weiss  and  Mohs,  and  contain  five 
equivalents  of  water.  Four  of  the  equivalents  of  water  of  hydration  may  be  evolved 
by  heat,  but  the  fifth  lingers  with  great  obstinacy. 

Nitrate  of  Copper, 
A  salt  frequently  employed  in  the  laboratory,  is  made  by  dissolving  metallic  copper 
in  nitric  acid,  and  crystallizing  the  solution.    When  heated,  it  first  changes  into  a 
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subnitratfe,  haTmg  the  compoeition  of  ^CaO'NOs ;  but  if  the  heat  be  inerMied,  the 
elemeata  of  nitric  acid  are  completely  evolved,  aahydrouB  protoxide  of  copper  remaiTiing. 

CarbontUts, 

No  carbonate  of  copper  having  the  composition  of  one  equivalent  of  carbonic  acid 
united  with  one  atom  of  protoxide  of  copper  is  known.  The  precipitate  which  fiills 
when  solution  of  carbonated  alkali  is  added  to  solution  of  protosalt  of  copper,  has  the 
composition  2CUOCO3  +  HO.  Two  hydrocarbonates  of  copper  occur  native :  one, 
malachite  y  is  so  extensively  found  in  Siberia,  that  it  ia  worked  as  a  copper  ore,  and  is 
employed  instead  of  marble  for  ornamental  tables,  brooches,  &c.,  occasionally,  too, 
for  door  panels.  Malachite '  has  a  composition  represented  by  the  formula 
CuO.COj  +  CuO.HO ;  a  second  hydrocarbonate  of  copper,  having  the  composition 
2CaO.CO,  -f-  CuO.HO  is  foimd  crystallized  in  the  neighbourhood  of  Lyons;  and 
when  finely  levigated  is  used  as  a  pigment.  A  compound  of  lite  same  kind,  but  still 
more  pure,  is  made  artificially,  ibr  employment  as  a  pigment. 

AceUtet  •/  Copper, 

There  are  several  compounds  of  acetic  acid  with  protoxide  of  copper.  The  neutral 
acetate  may  be  prepared  by  dissolving  protoxide  of  copper  in  acetic  acid,  and  evapo- 
rating the  solution,  when  crystals  form,  holding  either  one  or  five  equivalents  of  water 
according  to  the  temperature  at  which  crystallization  is  effected.  Neutral  acetate  of 
copper  is  known  popularly  by  the  absurd  term  distilled  verdigris.  Many  sub-acetates  of 
copper  are  known  under  the  generic  term  verdigris,  and  are  generated  by  numerous 
processes. 

In  certain  parts  of  France  sub-acetate  of  copper  is  formed  by  moistening  leaves  of 
metallic  copper  with  impure  acetic  acid,  or  stratifying  them  with  the  husks  of  grapes, 
from  which  the  juice  has  been  extracted.  The  operation  is  conducted  in  a  pit  dug  in 
the  earth,  and  the  stratified  copper  leaves,  after  remaining  for  a  period  of  two  or  three 
months,  are  taken  out,  moistened,  and  freely  exposed  to  the  atmosphere  for  the  purpose 
of  becoming  oxidised.  The  final  result  is  the  formation  of  a  crust  of  sub-acetate  of 
copper,  which  may  be  removed  by  scraping ;  and  the  copper  leaves,  by  further  restra- 
tification,  may  be  entirely  converted  into  sub-carbonate.  The  sub-acetate  thus  pro- 
duced is  said  by  Regnault  to  have  the  composition  indicated  by  the  formula  CuO. 
C4H3O3  -\-  CuO.  HO  -}-  5H0.  "Water  decomposes  this  subacetaite  into  a  subsalt, 
having  the  following  composition,  3CuO.  C4H3O,,  which  deposits,  and  a  solution 
containing  two  other  acetates,  having  the  respective  composition  of  CuO.  C^HjOs 
(neutral  acetate),  and  a  basic  sub-acetate  having  the  composition  of  3CuO.  2C4H30^. 

Arsenite  of  Copper  {Scheel^s  Green), 

Under  the  head  of  arsenious  acid,  this  substance  has  been  mentioned  as  occurring 
when  ammoniacal  sulphate  of  copper  is  added  to  solution  of  arsenious  acid.  Potash  or 
soda  may  take  the  place  of  ammonia,  as  far  as  the  production  of  Scheele's  green  as 
a  pigment  is  concerned,  although  ammonia  is  the  alkali  which  should  be  had  recourse 
to  when  a  copper  salt  is  used  as  a  test  for  arsenious  acid.  On  the  large  scale, 
Scheele's  green  is  manufactured  by  dissolving  arsenious  acid  in  solution  of  carbonate 
of  potash,  and  adding  a  solution  of  sulphate  of  copper.  The  tint  of  Scheele's  green 
may  be  varied  by  varying  the  relative  amount  of  ingredients  used  in.  making  it. 
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Copper  with  Sttlphur^  Sulphttreta  or  Sulphides  of  Copper. 

Two  of  ihesQ  compounds  are  known,  one  corresponding  with  the  sub  or  di-oxide  of 
copper,  and  which  thorefore  has  the  composition  of  Cu^S ;  the  other  correspondx^g 
with  the  protoxide  of  copper,  and  being  represented  by  the  formula  CuS. 

Dieufphuret  of  Copper, 

Preparation, — When  copper  filings  or  turnings  are  strongly  heated  in  contact  with 
sulphur,  the  two  unite  with  brilliant  combustion,  yielding,  as  Uie  result,  the  compound 
CsS.    This  sulphuret  is  found  native,  and  crystallized. 

ProtoatUphuret  of  Copper, 

Preparation*— 'By  transmitting  a  current  of  hydrosulphuric  acid  gas,  or  adding  a 
solution  of  hydrosulphuric  acid  or  hydrosulphate  of  an  alkali  to  a  solution  of  salt  of 
copper,  a  black  powder  falls ;  this  is  the  hydrated  protosulphuret  of  oopp^,  which 
cannot  be  prepared  by  the  dry  way,  nor  when  generated  by  precipitation  is  it  perma- 
nent in  the  air.  The  s^plication  of  heat  drives  oif  one  equivalent  of  its  sulphur  and 
converts  it  into  the  dieulphuret,  A  combination  of  this  disulphuret  Cu^S  with  sul- 
phuret of  iron,  Fe,S|,  is  a  very  widely  distributed  copper  mineral,  the  well  known 
copper  pt/riieSf  from  which  by  far  the  major  portion  of  copper  is  extracted. 

Copper  with  Hydrogen  {Hydruret  of  Copper),     Copper  with  Nitrogen  {Nitruret  of  Copper), 

Both  these  c<»npounds  are  known  to  exist  and  may  be  prepared  artificially,  but  they 
are  of  small  importance,  and  need  not  be  further  commented  upon. 

Copper  with  Chlorine — CKioridea  of  Copper, 

Two  combinations  of  chlorine  with  copper  are  known :  the  first  being  represented 
by  IJie  formula  Cki  01,  and  corresponding,  therefore,  with  the  sub  or  dinoxide  of  copper ; 
the  other  having  the  composition  of  Cu  01,  and  corresponding,  therdbre,  with  the  pro- 
toxide.   It  will  be  convenient  to  give  priority  to  the  protochloride. 

ProtocMoride  of  Copper, 

Preparation.'^!)  By  dissolving  metallic  copper  in  nitro-hydrochlocic  acid,  .evApo- 
rating,  and  setting  aside  to  crystallize. 

(2)  By  dissolving  oxide  of  copper  in  hydrochloric  acid,  evaporating  the  solution, 
and  setting  aside  to  crystallize.  The  czystals  thus  generated  contain  two  equivalents 
of  water. 

(3)  Anhydrous  protochloride  of  copper  is  generated  by  heating  copper  in  an  excess 
of  chlorine. 

Properties. — ^A  green  compound,  soluble  in  both  water  and  alcohol,  to  which  latter 
it  imparts  the  property  of  burning  with  a  green  flame. 

Sub'  or  Bi-chloride  of  Copper. 
Preparation,-^  {I)  By  boiling  a  mixture  of  copper  filings  with  protochloride  of 
copper. 

(2)  By  exposing  protochloride  of  copper  to  heat,  when  one  atom  of  its  chlorine  is 
evolved,  and  di-cbWide  of  copper  produced. 

(3)  By  addiDg  solution  of  protochloride  of  tin  to  solution  of  protochbride  of  copper, 
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an  excess  of  bydrochlorio  acid  being  present  to  guard  against  precipitation  of  oxide 
of  tin. 

Properties.  A  solid  body,  not  very  soluble  in  water,  more  readily  soluble  in  hydro- 
chloric  acid,  and  with  still  greater  facility  in  solution  of  ammonia.  It  fuses  at  about 
750"*  Fah.,  and  is  totally  Tolatilized  at  a  red  heat.  Exposed  to  the  air  it  rapidly 
decomposes,  generating  a  compound  of  protoxide  and  protochloride  of  copper.  A 
solution  of  di-chloride  of  copper  in  liquor-ammonise  is  sometimes  employed  for  the 
purpose  of  abstracting  oxygen  from  atmospheric  air  or  other  gaseous  mixtures. 

General  Characteristics  of  Copper  in  Solution, — We  may  confine  our  attention  to  the 
protosalts  of  copper,  inasmuch  as  these  alone  will  occur  in  the  course  of  ordinary 
investigation : — 

(1)  Ferrocyanide  of  potassium  affords  a  mahogany-brown  precipitate,  which  is 
very  characteristic,  inasmuch  as  the  solutions  of  four  metals  only  develope  an  appear- 
ance which  is  similar ;  they  are  copper,  uranium,  titanium,  and  molybdenum. 

(2)  Solutions  of  potash  and  of  soda  throw  down  a  pale  blue  hydrate,  which  on 
boiling  assumes  a  blackish  hue. 

(3)  Solution  of  ammonia  also  precipitates  the  hydrated  oxide,  soluble  in  excess  of 
ammonia,  generating  a  solution  with  a  purplish-blue  tint.  The  evidence  of  this  or 
the  preceding  test,  taken  in  conjunction  with  No.  1,  leaves  no  doubt  as  to  the  presence 
of  copper. 

(4)  Solutions  of  carbonates  of  the  fixed  alkalies  yield  a  pale  blue  precipitate, 
insoluble  in  excess  of  precipitant. 

(5)  Hydrosulphuric  acid  and  hydrosulphuret  of  ammonia  throw  down  a  black 
sulphuret  of  copper. 

ALLOYS   OP  COPPER. 

The  alloys  of  copper  with  other  metals  are  numerous  and  important.  Many  of 
them  were  known  and  manufactured  long  before  iron  and  steel  came  into  use,  not  only 
serving  for  purposes  to  which  copper  alloys  still  continue  to  be  applied,  but  many 
others  to  which  they  are  less  adapted.  For  example,  cutting  instruments  were  anciently 
made  of  copper  alloyfr— varieties  of  bronzes.  The  late  Sir  Francis  Chantrey  devoted 
great  attention  to  the  subject  of  cutting  bronzes ;  and  in  order  to  prove  how  well 
adapted  a  bronze  might  be  made  to  the  cutlers'  uses,  he  caused  a  bronze  razor  to  be 
fashioned,  and  shaved  with  it  during  many  years.  Modem  brass,  pinchbeck,  and 
tombec,  are  alloys  of  copper  with  zinc.  Brass  of  the  ancients  contained  no  zinc,  but 
was  an  alloy  of  copper  and  tin.  We  should  term  an  alloy  of  this  kind  bronze.  Gun- 
metal  is  an  alloy  of  eleven  parts  tin  and  one  hundred  of  copper ;  bell-metal  contains 
about  twice  that  quantity  of  tin ;  and  gong-metal  somewhat  less.  The  metal  for 
telescope  mirrors  contains  about  thirty-three  per  cent  of  tin,  and  statue  bronze  con- 
tains only  about  two  per  cent,  of  tin,  melted  with  ninety-one  per  cent,  of  copper,  six 
per  cent,  of  zinc,  and  one  per  cent,  of  lead.  Under  the  head  of  tin  alloy  of  copper 
must  here  be  noticed  tinned  copper  surfaces.  The  operation  of  sheathing  the  surfeces 
of  copper  vessels  to  be  employed  in  culinary  operations  with  a  tinned  coating  is  one  of 
great  importance,  and  easily  conducted.  The  copper  to  be  tinned  is  heated  o?er 
burning  charcoal,  smeared  with  sal-ammoniac,  and  tin  rubbed  upon  it  by  means  of  tow, 
hemp,  or  a  cloth.  The  tin  adheres  easily,  completely  sheathing  the  copper,  and  totally 
preventing,  while  it  lasts,  the  occurrence  of  cupreous  impregnation.  Care,  however, 
should  be  taken  to  discover  the  first  appearance  of  tin  abrasion,  inasmuch  as  the  copper 
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surfaces  from  whicli  patches  of  tin  have  been  removed  are  more  soluble  than  if  no  tin 
were  in  their  vicinity,  on  account  of  the  voltaic  action  set  up  between  the  two  metals 
in  presence  of  a  liquid  solvent  for  copper. 

MERCX7BY,    OR  QUICKSILVER. 

Equivalent  or  atomic  weight        .        .        .        .100 
Specific  gravity 13-696 

This  metal  is  remarkable  in  being  the  only  one  which  melts  at  a  temperature  lower 
than  any  naturally  occurring,  except  nearly  in  polar  latitudes ;  hence  the  inhabitants 
of  temperate  climes  never  meet  with  it  in  any  other  condition  but  that  of  liquidity, 
except  artificial  means  have  been  adopted.  Mereury  can  be  frozen  in  any  state  of  the 
atmosphere  by  certain  freezing  mixtures  known  to  the  chemist,  amongst  which,  per- 
haps, a  mixture  of  finely  broken  ice  and  crystallized  chloride  of  calcium  is  most  con- 
venient. A  mixture,  however,  of  solidified  carbonic  acid  with  sulphuric  ether  is  more 
rapid  in  its  action.  The  freezing,  and,  consequently,  the  melting,  point  of  mercury, 
for  they  are  necessarily  identical,  corresponds  with  about  the  fortieth  degree  below  zero 
of  Fahrenheit's  scale,  or  —  40'  Fah. 

The  physical  relations  of  mercury  are  of  especial  value  to  be  studied  by  the  chemist, 
inasmuch  as  this  metal  enters  into  the  formation  of  two  of  his  most  useful  instru- 
ments— the  bai'ometer  and  the  thermometer.  The  exact  amount  to  which  a  given 
volume  of  mercury  expands  for  given  degrees  of  temperature,  is  of  the  highest  import- 
ance, as  I  have  had  occasion  to  mention  in  an  early  part  of  this  treatise,  when 
describing  the  mercurial  thermometer,  to  which  part  the  student  may  now  turn  with 
advantage. 

Mercury  boils  somewhere  about  660**  Fah.,  and  then  becomes  totally  converted  into 
vapour ;  but  a  portion  of  mercury  is  vaporized  at  ordinary  temperatures,  even  under 
the  usual  atmospheric  pressure  of  about  15  lb.  avoirdupois  to  every  square  inch  of  sur- 
face. In  vacuo  the  evaporation  of  mercury  at  ordinary  temperatures  ensues  with  still 
greater  rapidity.  Mercury,  as  found  in  commerce,  is  seldom  pure,  and  as  absolute 
purity  is  indispensable  for  mercury  designed  for  barometric  and  thermometric  uses, 
also  for  many  other  purposes,  numerous  means  of  purification  have  been  devised.  Con- 
sidering the  great  volatility  of  mercury  in  comparison  with  other  metals,  the  process  of 
distillation  would  seem  to  be  that  most  obviously  indicated.  Distillation  indeed,  is 
frequently  had  recourse  to,  and  it  serves  to  effect  the  separation  of  a  large  amount  of 
impurities.  The  last  traces,  however,  cannot  be  separated  by  this  means,  because 
many  substances  are  volatilized  when  heated  in  contact  with  others  of  easy  volatility, 
although  they  cannot  be  volatilized  when  alone  at  the  temperature  in  question.  This 
remark  applies  to  the  distillation  of  impure  mercury. 

Mercury  may  be  completely  purified  by  pouring  upon  its  surface,  and  allowing  to 
remain  for  some  days,  a  mixture  of  one  volume  of  aquafortis  and  two  of  water ;  this 
liquid  dissolves  the  impurities,  but  not  the  mercury.  The  makers  of  thermometers  and 
barometers  effect  the  purification  of  their  quicksilver  by  this  means. 

When  small  quantities  of  mercury  have  to  be  purified,  that  result  may  be  accom- 
plished by  the  following  mixed  process.  First  take  some  filtering  paper,  fold  it  into  a 
conical  shape,  then  cut  off  the  apex  of  the  cone  so  as  to  leave  a  very  small  orifice.  By 
pouring  mercury  into  the  cone  and  allowing  it  to  fiow  through  the  aperture,  many  of 
the  superficial  impurities  will  be  filtered  away  and  remain  adherent  to  the  sides  of  the 
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cone.  The  mercury,  thus  partially  pmified,  is  to  be  poured  into  a  bottle  of  large  com- 
parative  capacity  and  strongly  agitated,  the  stopper  being  removed  from  tinoe  to  time, 
for  the  purpose  of  admitting  a  fresh  supply  of  air.  By  this  treatment  the  metallic 
impurities  contained  in  quicksilver  arc  oxidised,  whilst  the  mercury  itself  remains  un- 
acted upon.  A  peculiar  rattling  sound  indicates  when  the  operation  of  shaking  has 
been  continued  sufficiently  long,  When  nothing  more  remains  to  be  oxidised,  the 
mercury  should  be  poured,  as  before,  through  the  paper  cone.  Mercury,  holding  but  a 
slight  portion  of  any  impurity,  dissolved,  loses  its  property  of  cohering  into  globular 
drops  when  poured  upon  a  flat  surftu;e,  and  tasmnes  the  peculiar  appearance  designated 
by  the  expressive  term  tailing^  that  is  to  say  each  merenrial  aggregation  is  not  a  globule 
but  an  irregularly  elongated  bar  or  tail. 

Mercury  is  a  somewhat  rare  metal,  the  localities  yielding  it  being  ccntsparatiTely 
few.  In  Europe,  the  Spanish  mines  of  Almoden  in  La  Mancha,  and  the  mines  of 
Idria  are  ancient  and  celebrated.  For  a  long  period  they  continued  to  supply  the 
total  amount  of  mercury  employed  in  the  civiliaed  world ;  but  the  quickaQver  mines 
of  Mexico  and  California  have  now  sprung  into  importance.  Kative  mercury  some- 
times occurs,  though  rarely  ;  the  greater  amount  of  mercury  is  reduced  from  native 
sulphuret  of  the  metal  (cinnabar). 

Mercury  is  not  oxidised,  or  otherwise  altered,  by  exposure  to  the  atmosphere  at 
ordinary  temperatures ;  but  if  heated  to  something  about  its  boiling  point  for  a  long 
time  together — weeks,  or  even  more— it  gradually  absorbs  oxygen,  and  is  raised  to  its 
highest  grade  of  oxygenation.  This  oxide,  when  exposed  to  a  still  higher  degree  of 
heat  evolves  the  whole  of  its  oxygen,  and  is,  therefore,  occasionally  employed  as  a 
source  from  which  to  obtain  oxygen  gas.  Neither  hydrochloric  nor  sulphuric  adds, 
when  diluted,  exercise  a  perceptible  solvent  effect  on  mercury ;  mixed  with  strong  oil  of 
vitriol  and  boiled  the  acid  is  decomposed,  sulphurous  acid  being  evolved,  and  s^phate 
'  of  oxide  of  mercury  remaining. 

Combinations  ofMei'Cury  with  Oxygen— Oxides  of  lieremy. 
Two  oxides  of  mercury  are  known, — one  black,  the  other  red ;  concemii^  the  per- 
centage composition  of  these  oxides  there  is  no  imcertainty,  but  their  atomic  consti- 
tution is  still  open  to  some  doubt,  certain  chemists  regarding  the  black  oxide  as  the 
sub,  or  dioxide,  and  the  red  oxide  as  the  protoxide  of  mercury :  whilst  others  recogmzB 
the  former  to  be  the  real  protoxide,  and  consider  the  red  compound  as  a  true  peroxide 
of  mercury.  This  doubtfulness  is  much  to  be  regretted,  inasmuch  as  it  has  prodneed  a 
confusion  of  terms  between  two  important  medicinal  agents,— calomel  and  conosivB 
sublimate.  Now  calomel  is  quasi  harmless,  but  corrosive  sublimate  is  a  terriUe 
poison ;  hence,  any  circumstance  tending  to  the  confusion  of  terms  indicating  these 
bodies  is  of  grave  importance.  The  same  train  of  reasoning  which  leads  to  doubts  as 
between  the  respective  claims  of  black  and  red  oxide  of  mercury  to  the  appeUation  of 
proto  or  peroxide,  also  applies  to  the  two  chlorides.  Hence  calomel,  formerly  called 
the  sub-chloride  of  mercury,  afterwards  the  proto-chloride,  becomes  the  sab-  or  di- 
chloride, — if  the  black  oxide  of  mercury  be  recognized  as  the  di-  or  sub-KMdde,  and 
corrosive  sublimate,  formerly  called  the  oxymuriate  of  mercury,  then  the  bi-ehloiide  of 
mercury  becomes  the  Chlobide  op  Mercury  !  the  very  name  by  which  calomel  Is 
generally  known  at  the  present  time.  This  instance  goes  far  to  demonstrate  the 
general  impropriety  of  designating  chemical  compounds,  used  medicinally,  by  names 
indicative  of  their  composition ;  as  between  the  expressions  "  calomel*'  and  **'eorresiM 
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aublintate  *'  there  can  be  no  mistake ;  but  the  chemieal  expressions  indicatrre  of  these 
bodies  are  subject  to  change,  according  to  a  prevailing  theory.  For  chemical  reasons, 
much  too  long  and  numerous  for  indication  here,  I  am  disposed  to  treat  of  the  black 
oxide  of  mercury  as  the  sub-oxide  HgjO,  and  the  red  oxide  as  the  protoxide  HgO- 

Black  Oxide  {Suboxide  or  Dinoxide)  of  Mercury, 

Preparation. — (1)  By  adding  solution  of  potash  or  of  soda  to  solution  of  neutral 
subnitrate  of  mercury,  (2)  By  adding  solution  of  caustic  potash,  or  soda,  or  lime, 
baryta,  or  strontia  water  to  calomel.  lime-wster  and  calomel  constitute  the  lotion 
knoim  in  medical  and  surgical  practice,  as  the  Uaek  wash, 

IVopertiea. — A  dark  brorim,  almost  black,  poirder,  which  slowly  decoraiposefl  when 
exposed  to  light,  yielding  metallic  mercury  and  the  red  oxide  of  that  metal. 

Salts  containing  Sub-oxide  of  Mercury, 
This  oxide  combines  with  most  acids,  giving  rise  to  well  defined  salts.  Sulphate 
of  sub-oxide  of  mercury  is  generated  by  heating  concentrated  oil  of  vitriol  with  the 
metal  in  excess,  or  adding  oil  of  vitriol  to  the  sub-nitrate.  Nitrate  of  sub-oxide  of  mer- 
cury is  formed  when  cold  by  adding  dilute  nitric  acid  to  metallic  mercury,  the  acid  being 
in  excess.  The  composition  of  tbis  salt  is  HgjO  NO5  4-  2H0.  If  the  mercury  be  in 
excess,  a  finely  crystalline  basic  nitrate  deposits,  having  the  composition  SHggO  2NO5 
H-  3H0.  •  Both  these  salts  are  decomposed  by  the  addition  of  water,  a  yellow  sub- 
nitrate  being  in  either  case  thrown  down ;  indeed,  a  leading  characteristic  of  the  salts 
of  sub-oxide  of  mercury,  and  many  of  the  salts  of  protoxide  of  mercury,  is  their  easy 
decomposition  on  the  addition  of  water. 

Red  Oxide  {Protoxide)  of  Mercury. 
Preparation, — (1)  By  heating  mercury  for  many  weeks  consecixtiTely  in  a  flask 
provided  with  a  kng  neck,  to  a  degree  somewhat  imder  the  boiling  p^t  of  the  metal. 
The  product  of  this  operation  is  deep  red  and  crystalline,  and  constitirtes  the  red  pre- 
cipitate of  the  older  chemists.  Formerly  when  many  chemical  operationa  and  forme  of 
apparatus  were  designated  by  fanciful  names,  the  long-necked  flask  employed  in  tiiis 
operation  was  called  BoyU'a  Sell. 

(2)  By  cautiously  heating  any  of  the  nitrates  of  mercury  until  the  kut  traces  of 
nitric  acid,  or  its  elements,  are  expelled.  If  a  nitrate  of  a  sub-oxide  be  the  material  em- 
ployed, the  sub-oxide  absorbs  the  necessary  amount  of  oxygen  to  raise  it  to  thd  condition 
of  protoxide.  The  product  of  this  decomposition  is  paler  than  that  generated  by  process 
No.  1,  and  its  tint  is  not  so  fine..    Traces  of  nitric  acid,  moreover,  usually  remain. 

(3)  By  the  addition  of  solution  of  potash,  soda,  lime,  baryta,  or  strwitia  (lime, 
baryta,  or  strontia  water),  to  a  solution  of  chloride  of  mercury  (corrorfve  sublimate). 
The  oxide  resulting  from  this  treatment  is  red,  but  not  crystalline  like  the  preceding. 
If  lime-water  be  employed  in  generating  it,  the  result  constitutea  what  is  termed 
yellow  wash  in  medical  and  surgical  practice. 

Properties. — ^All  the  leading  qualities,  physical  and  chemical,  of  thiff  oxide, 
have  been  already  described.  Its  colour,  (red)  and  its  property  of  separating  into 
metallic  mercury  and  oxygen  when  heated,  are  amongst  the  most  remarkable.  Bed 
oxide  of  mercury  can  assume  two  allotropic  or  isomeric  states,  distinguishable  in  the 
course  of  certain  chemical  operations.  The  red  oxide  generated  by  the  moist  process, 
or,  in  other  words,  by  precipitation,  combines  with  cold  solution  of  oxaKc  acid,  which 
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exerts  no  action  upon  the  other  varieties  ;  it  is  besides  more  easily  attacked  by  chlorine 
than  they  are. 

Salts  of  Protoxide  of  Mercury.    Nitrates  of  Mercury, 

Preparation. — ^When  mercury  is  boiled  with  excess  of  nitric  acid,  solution  of  neutral 
nitrate  of  protoxide  of  mercury  (protonitrate  of  mercury)  results.  If  this  solution,  how- 
ever, be  evaporated,  crystals  of  a  basic  protonitrate  having  the  composition  2HgO  NO5 
+  2H0  are  formed.  The  only  known  method  of  obtaining  crystalline  neutral  proto- 
nitrate from  the  preceding  solution  consists  in  immersing  the  latter  in  a  freezing  mix- 
ture. Both  these  nitrates  are  decomposed  by  dilution  with  water,  the  result  being  a 
white  sub-nitrate,  having  the  composition  3HgO  NO5  +  HO.  Solution  of  proto- 
nitrate of  mercury  may  be  reduced  to  the  condition  of  solution  of  nitrate-  of  the  sub- 
oxide HggO  NO4  by  boiling  with  more  mercury. 

Sulphate  of  Protoxide  ofMereurtf, 
This  compound  has  already  been  cursorily  mentioned.  It  is  prepared,  as  we  have 
seen,  by  boiling  metallic  mercury  with  strong  sulphuric  acid.  The  product  should  be 
heated  in  a  sand-bath  until  copious  fumes  of  sulphuric  acid  are  evolved,  and  the 
material  becomes  dry,  otherwise  the  result  may  probably  be  contaminated  with  a  little 
sulphate  of  the  suboxide.  Sulphate  of  protoxide  of  mercury  is  an  important  material 
as  constituting  the  basis  of  fabrication  of  both  corrosive  sublimate  and  calomeL 

Submlpliate  of  Protoxide  of  Mercury  {TurhetNa^  or  TurpetKa  Mineral), 
Many  salts  of  mercury  have  the  property,  as  we  have  seen,  of  suffering  decom- 
position when  water  is  added.     Sulphate  of  protoxide  of  mercury  is  in  this  category, 
and  the  yellow  powder  thrown  down  is  mhsulphate  of  protoxide.    Its  composition  is 
represented  by  the  formula  SHgO.SOa. 

Fulminate  of  Mercury,  or  Fulminating  Mercury, 
This  salt  is  a  compound  of  an  acid,  termed  fulminicy  with  protoxide  of  -mercury. 
Since  the  general  adoption  of  the  percussion  principle  in  fire-arms,  fulminate  of  mer- 
cury has  become  an  important  article  of  manufacture. 

Preparation, — In  general  terms  it  may  be  'said  that  fulminate  of  mercury  is  pre- 
pared by  treating  a  solution  of  protonitrate  of  mercury  with  strong  alcohol.  Various 
details  for  manufacturing  it  exist ;  but  the  following  proportions  and  directions  answer 
well :  dissolve  100  grains  of  mercury  in  a  measured  ounce  of  strong  nitric  acid,  and, 
whilst  yet  hot,  suddenly  pour  it  upon  a  measured  ounce  and  a  half  of  alcohol,  nearly 
absolute,  contained  in  a  flask  or  bottle  of  not  less  than  three  quarts  capacity,  and 
placed  under  a  hood,  or  in  the  open  air,  but  not  exposed  to  the  sun's  rays.  The  action 
which  ensues  will  be  most  violent,  but  not  dangerous.  Torrents  of  nitrous  gases  will 
be  evolved,  also  some  nitrous  ether,  and  other  complex  products.  When  the  action 
has  ceased,  and  the  bottle  has  become  moderately  cool,  about  a  pint  of  cold  distilled 
water  is  to  be  poured  in,  and  the  whole  of  the  contents  of  the  bottle,  of  jwhich  the 
fulminate  of  mercury  is  one,  thrown  upon  a  filter  to  be  well  washed.  The  safest 
method  of  retaining  this  dangerous  compound  is  to  keep  it  moist  with  water  in  a 
wooden  or  card-board  box.  Hard  bodies  should  never  be  allowed  to  touch  it,  but 
portions,  when  wanted,  should  be  scooped  out  by  means  of  strips  of  paper  or  card. 

Large  quantities  of  the  fulminate  of  mercury  are  made  in  the  Channel  T«Vti«1«^  on 
account  of  the  low  price  of  alcohol  there.  Mr.  Taylor,  the  chief  manufacturer  of  the 
substance  in  Guernsey,  informs  me  that  it  is  sent  to  England  packed  in  canvas  bags, 
surrounded  with  wet  straw,  in  a  hamper. 
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The  compound  wherewith  percussion  caps  are  filled  is  not  pure  fulminate  of 
mercury,  but  an  intimate  mixture  of  that  substance  with  about  -j^ths  of  its  weight  of 
saltpetre.  The  two  materials  moistened  with  water  are  liyigated  together  on  a  marble 
table  with  a  wooden  muller. 

ChhrieU  of  Mercury  {(hrroaive  St^limate.) 

This  is  an  important  mercurial  preparation,  not  only  as  regards  the  numerous  uses 
to  which  it  is  immediately  applied  in  medicine  and  the  arts,  bnt  as  constituting  the 
basis  of  preparation  of  the  important  medicinal  substance  calomel. 

F^araiion. — (1)  By  heating  mercury  in  an  atmosphere  of  chlorine. 

(2)  By  dissolving  oxide  of  mercury  (red  oxide)  in  hydrochloric  acid  and  evapo- 
rating to  crystallization. 

(3)  By  subliming  a  mixture  of  equal  parts  of  sulphate  of  mercury  and  common 
salt.  This  is  the  plan  usually  followed  in  practice,  and  the  decomposition  which 
ensues  is  thus  represented : — 

■'l  eq.  Sulphate  (J  q^"^^  ^^  ^  CorrosiVe  sublimate 

of  mercury    |i  g^furic^icid^ 


1  Chloride  of   ( 1  Chlorine 

sodium       ( 1  Sodium    ^  1  Soda --^^  1  Sulphate  of  soda 

JPropertiet,—A  colourless  crystalline  body,  having  a  specific  gravity  of  6*6.  It  ftisefl 
at  about  509**  Fah.  Its  inapour,  which  is  colourless,  has  a  specific  gravity  of  about 
9 '42,  referred  to  atmospheric  air  as  unity.  Corrosive  sublimate  requires  about  16  parts 
of  cold,  and  3  parts  of  boiling  water,  for  solution.  Alcohol  and  ether  both  dissolve  it 
in  greater  quantities,  3  parts  of  the  latter,  cold,  dissolving  one  part  of  corrosive  subli- 
mate. The  solubility  of  corrosive  sublimate  in  ether  is  a  very  important  quality, 
frequently  taken  advantage  of  in  the  extraction  of  that  body  from  complex  organic 
matters.  Corrosive  sublimate  has  the  property  of  combining  with  albumen  and 
some  other  organic  matters,  forming  with  them  compounds  nearly  insoluble  in  water 
and  in  the  usual  contents  of  the  stomach ;  hence  albumen  (white  of  egg),  is  an  anti- 
dote to  poisoning  by  this  dangerous  substance.  A  solution  of  protochloride  of  tin 
being  poured  into  one  of  corrosive  sublimate  the  latter  is  first  converted  into  calomel ; 
but  on  the  addition  of  more  protochloride  of  tin  the  calomel  is  itself  decomposed,  with 
production  of  metallic  mercury,  which  precipitates  in  a  finely  divided  Btate  under  the 
aspect  of  a  black  powder.  Corrosive  sublimate,  although  a  more  violent  poison^ 
weight  for  weight,  than  arsenious  acid,  is  not  so  dangerous,  for  two  reasons,— firstly,  it 
possesses  a  strong  metallic  nauseous  taste,  unfitting  it  for  the  purposes  of  the  murderer ; 
secondly,  its  ill  effects  can  be  satisfactorily  neutralized  by  the  administration  of  white 
of  egg  beat  up  with  water ;  a  remedy,  it  will  be  remembered,  already  recommended 
in  cases  of  poisoning  by  salts  of  copper. 

Although  albumen  is  pre-eminent  amongst  organic  principles  in  the  quality  of 
combining  with  chloride  of  mercury  and  forming  insoluble  results,  many  organic 
matters  are  in  the  same  category.  On  this  fact  depends  the  application  of  bichloride 
of  mercury  to  the  preservation  of  wood,  cordage,  &c.  from  decay.  The  organic  com- 
binations formed  by  it  are  not  easily  decomposed  by  ordinary  atmospheric  agencies, 
and  are  protected  to  some  extent  against  fire.  The  preservative  process  of  Kyan  consists 
in  steeping  the  wood,  cordage,  &c.  in  a  solution  of  the  chloride. 
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JPreSmmary  gualitatipe  teat  of  thepnurm  qf  Convnm  Sublimate  m  sobOums  boih 
mmple  and  eoti^lex,'-^JL  very  elegant  meaiw  of  detenniiuzig  the  preeenoe  a£  oonrofliYe 
sublimate  cooaists  in  placing  a  drop  of  the  solution  containing  it  upon  a  piece  of  gold, 
and  touching  both  gold  and  solution  with  a  piece  of  iron  or  steeL  PxactLcally  the 
operation  is  usually  conducted  by  means  of  a  key  and  a  gold  coin.  If  corrosive  subli- 
mate or  a  few  other  salts  of  mercury  be  present,  the  metallic  mercury  will  be  deposited 
upon  the  gold,  when  the  latter,  on  account  of  becoming  amalgamated,  will  be  mnked 
with  a  white  stain.  PraetkaUy,  the  operator  may  take  it  for  granted  that  an  appearance 
of  this  kind  will  be  produced  alone  by  corrosiTe  sublimate. 

t-  Separation  of  Corrosive  Sublimate  from  orgamc  mistiuree, — ^The  organic  mixture 
should  te  placed  in  a*flask  haying  a  long  ne^  and  well  agitated  with  ether ;  then 
being  allowed  to  stand  a  short  time  at  rest,  the  supernatant  etherial  layer  should  b9 
removed,  evaporated  to  dryness,  the  residue,  if  any,  dissolved,  and  tested  for  corrosive 
sublimate.  The  tests  will  be  indicated  further  on.  It  is  impossible,  by  means  of 
ether,  to  remove  the  whole  of  the  corrosive  sublimate  which  may  b^  present  in  an 
organic  mixture,  hence  the  etherial  treatment  cannot  become  a  means  of  quantitative 
separation.  In  cases  of  medico-legal  examinations,  however,  involving  corrosive  sub- 
limate, the  problem  is  not  usually  to  extract  the  whole  of  the  poison,  but  to  determine 
the  presence  of  an  amount  sufficient  to  have  destroyed  human  life.  If  the  application 
of  ether  fail  to  result  in  the  elimination  of  corrosive  sublimate  (which  negative  result 
may  happen  if  very  little  of  the  poison  be  present),  the  operations  become  more 
ahfl^truae,  and  will  vary  according  to  the  kind  of  the  organic  matter  present  For  the 
processes  necessary  to  be  followed,  I  must  refer  to  treatise  specially  written  in  this 
department  of  applied  chemistry. 

Sub-  or  JH-ehloride  of  Mercwy  (Calomet). 

Preparation,-— (I)  By  mixing  together  solutions  of  sub-nitrate  of  xnorcury  and  of 
chloride  of  sodium  (common  salt). 

(2)  By  triturating  of  corrosive  sublimate  with  metallic  mercury  and  common  saU, 
subliming  the  mixture  and  condensing  the  result.  This  prpcess  is  usually  adopted  in 
practice,  and  the  decomposition  which  results  is  thus  represented  :— 


1  eq.  of  Sulphate 

of 

mercury. 

1  Mercury 


1  Mercury  ^\  Calomel 

1  Sulphuric 

acid" 
.1  Oxygen 


1  Chloride  of  n  Chlorine 

sodium    tl  Sodium — -^  Soda-^  Sulphate  of  soda. 

r"  Bropertiee, — A  heavy  white  crystalline  body,  though  for  medicinal  uses  it  \a 
generally  obtained  in  powder.  The  specific  gravity  of  calomel  is  6*5 ;  it  is  nearly 
insoluble  in  water.  Solutions  of  alkalies,  or  alkaline  earths,  decompose  calomel  with 
production  of  black  or  suboxide  (dinoxide)  of  mercury.  Boiling  nitric  acid,  or  still 
more  readily  boiling  nitro-hydrochloric  acid,  decomposes  it,  the  former  producing  a 
mixture  of  nitrate  of  mercury  and  corrosive  sublimate,  the  latter  corrosive  sublimate 
unmixed.  When  calomel  is  digested  with  solution  of  ammonia,  a  grayish-black  powder 
falls,  something  like  the  suboxide  of  mercury  in  appearance,  but  which,  however,  is 
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probably  a  compound  of  that  calomel  with  amidogen,  and  i£f,  tbere&re,  r€(pieaented  by 
the  ifomuiU  Hg A^gNH,. 

WTute  JPrecipitate, 

Fr0fiaratioH,^-Bj  adding  excess  of  ammonia  to  solution  of  eoirosiye  suUimate  a 
white  powder  (white  precipitate)  is  thrown  down.  Its  composition  is  still  open  to 
tome  doubt ;  but  chemists,  for  the  most  part,  ado2)t  thp  opinion  of  Sir  Bobert  Kane, 
that  it  is  a  eompound  of  chloride  of  mercury  (corroaiTe  sublimate)  with  amidogen ;  in 
which  case  its  composition  will  be  represented  by  the  formula  HgCl  •{•  HgNH^ 

(hmbinatkma  ofMercwry  tvith  Iodine  {Iodides  of  Mercury), 

Two  oombinations  of  these  elements  are  known ;  one  correi^onding  with  the  sub,  or 
black  oxide,  the  other  with  the  red,  or  protoxide  of  mercury, 

Stibiodide  of  Mercury. 

Preparation, — (1)  By  adding  solution  of  nitrate  of  suboxide  of  mercury  to  solution  of 
iodide  of  potassium,  a  ydlowish  green  powder  is  thrown  down.  It  is  the  substance  under 
consideration.  (2)  By  triturating  mercury  and  iodine  together  in  the  necessary  atomic 
proportions — i.  e,  two  equivalents  of  mercury  and  one  of  iodine.  When  heated  rapidly, 
the  subiodide  rises  in  yapour  unchanged ;  if  slowly  heated,  however,  it  suffers  decom- 
position into  metallic  mercury  and  the  protoiodide  of  that  metal. 

Protoiodide  of  Mercury. 

Preparation.^{l)  By  pouring  solution  of  iodide  of  potassium  into  solution  of  cor- 
rosive sublimate,  taking  care  that  neither  solution  be  in  excess,  the  iodide  of  mercury 
being  soluble  in  both. 

(2)  By  triturating  a  mixture  of  metallic  mercury  and  iodine  in  due  atomic  pro« 
portions. 

Properties. — Protoiodide  of  mercury  sublimes  unchanged  by  heat,  and  its  vapour  is 
remarkable  for  its  great  specific  gravity,  15*68 ;  more  considerable  than  that  of  any 
other  known  gaseous  body.  The  salt  under  oonfiideration  furnishes  a  striking  example 
of  allotropism,  evidenced  ais  ^dUows  : — The  protoiodide,  when  finrt;  obtained  by  pre- 
cipitation, is  a  beautiful  red  compound ;  by  application  of  heat,  it  first  changes  eofnona^ 
the  condition  of  powder  being  retained ;  it  then,  on  the  further  application  of  hoati 
melts  into  a  yellow  lii^uid,  and  sublimes  under  the  f(Hrm  of  yellow  crystalline  i^angles. 
Both  the  fused  yellow  mass  and  the  yellow  crystals  resulting  firom  suUimatioa  retain 
their  tint  even  after  cooling ;  but  if  either  be  broken,  the  colour  at  once  changed  t9 
red,  first  at  the  plane  of  rupture,  but  gradually  extending  to  the  whole  maas ;  conr 
sequently,  if  the  yellow  iodide  be  poicdered,  the  change  takes  place  throughout  di^ 
whole  of  the  powder  at  once. 

Cfyanoffen  with  Mercury  {Cyanuret  or  Cyanide  of  Mercury), 
Only  one  compound  of  mercury  with  cyanogen  is  known ;  it  corresponds  with 
corrosive  sublimate,  and  ia  therefore  the  protocyanide,  or  protocyanuret  of  mercury, 
It  is  more  usually  called  the  bicyanide  of  mercury,  however,  owing  to  the  opinioi^ 
which  formerly  obtained,  that  the  atomic  weight  now  generally  accepted  for  mercury 
should  be  doubled. 

Preparation.— {I)  By  dissolving  red  oxide  of  mercury  in  dilute  hydrocyanic  acid, 
and  evaporating  the  solution  until  crystals  form. 
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(2).  By  boiling  a  mixture  of  two  parts  pnusian  blue,  one  part  red  oxide  of 
mercury,  and  eight  parts  of  water,  filtering  the  solution,  and  setting  aside  to  dyBtalliEe^ 
K  the  filtered  solution  should  contain  traces  of  iron,  which  is  frequently  the  case, 
that  metal  may  be  thrown  down  as  oxide,  by  boiling  the  solution  with  a  litde  red 
oxide  of  mercury. 

(3)  By  boiling  a  mixture  of  two  parts  ferrocyanide  of  potassium  (yellow  prassiate  of 
potaish)  with  thr^  of  sulphate  of  mercury,  and  from  fifteen  to  twenty  parts  of  water. 
The  liquor  is  to  be  filtered  hot,  and  set  aside  to  deposit  crystals. 

Cyanide  of  mercury  is  a  white  crystalline  body,  evolying  cyanogen  and  metallic 
mercury  when  heated  in  a  close  vessel,  and  leaving  a  blade  residue  termed  paracyan- 
ogen.  When  hydrochloric  acid  is  added  to  cyanide  of  mercury,  and  heat  applied, 
mutual  decomposition  ensues,  bichloride  of  mercury  remaining  behind,  and  hydrocyanic 
acid  passing  over.  When  cyanide  and  red  oxide  of  mercury  are  boiled  together  union 
of  the  two  results,  and  oxycyanide  of  mercury  is  formed.  Cyanide  of  mercury  ako 
unites  with  other  cyanides,  forming,  in  many  cases,  well-defined  crystalline  combina- 
tions. It  also  unites  with  chlorides,  iodides,  and  bromides,  forming,  in  many  cases, 
well-defined  crystalline  salts.  __ 

Combinatioru  of  Mercury  wUh  Sulphur. — Sulphurets,  or  Sulphidet  of  Mereurff. 

Two  of  these  compounds  are  known ;  one  corresponding  with  the  soboxide,  the 
other  with  the  red  oxide  of  mercury. 

Sub-  or  Di-^phuret  of  Mercury, 

If  a  stream  of  hydrosulphuric  acid  be  transmitted  through  a  cold  solution  of  sub- 
nitrate  of  mercury,  a  black  powder,  which  is  the  aubsulphuret  of  fnerewy^  falls.  If 
the  solution,  however,  be  heated,  the  compound  decomposes  into  metallic  mercury  and 
protoaulphuretj  the  compound  next  to  be  described.  A  similar  change  also  results  when 
the  sub-sulphuret  is  heated  dry. 

Sulphuret  of  Mercury. 

Preparation.'-^{l)  By  triturating  metallic  mercury  with  sulphur  in  a  mortar,  sul- 
phuret of  mercury  is  obtained  in  the  condition  of  black  powder,  fonnerly  known  by 
the  appellation  Etiiiop's  mineral. 

(2)  By  transmitting  a  stream  of  hydrosulphuric  acid  gas  through  the  solution  of 
proto-salt  of  mercury.  On  first  transmitting  the  current  of  gas,  the  precipitate  which 
fiills  is  white,  being  a  compound  of  sulphuret  of  mercury  with  a  definite  portion  of  the 
mercurial  salt  originally  present ;  at  length,  however,  the  current  of  gas  being  main- 
tained, the  precipitate  which  faUs  is  black,  being  the  true  sulphuret  of  mercury. 

Froperties.^'When  the  sulphuret  of  mercury,  prepared  as  directed,  is  heated,  it 
sublimes  and  condenses  into  a  red  mass,  similar  in  appearance  and  identical  in  compo- 
sition with  the  native  sulphuret  of  mercury,  called  dnnahar.  The  red  artificial 
sulphuret  of  mercury  is  called  vermilion^  and  is  much  employed  by  painters.  When 
designed  for  exclusive  employment  as  a  pigment,  vermilion  is  prepared  by  a  process 
different  from  that  described.  A  very  beautiful  vermilion  results  when  ordinary 
cinnabar,  previously  reduced  to  impalpable  powder,  is  heated  for  a  considerable  period 
with  solution  of  an  alkaline  sulphuret,  at  a  temperature  of  about  112**  Fah. 

The  sulphurets  of  mercury  are  readily  decomposed  when  heated  in  the  presence  of 
atmospheric  air,  then  sulphur  being  converted  into  sulphurous  acid,  and  their  mercuiy 
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sublimed.  Cinnabar  is  readily  attacked  by  hot  nitro-hydrocblorio  acid,  and  with 
rather  more  difi&culty  by  nitric  acid;  but  hydrochloric  acid  and  caustic  alkalies 
dissolye  it  with  difficulty. 

General  Charaeteristiee  of  Mercurial  Compounds, 

Several  mercurial  compounds  yield  up  their  mercury  by  the  simple  application  of 
heat|  and  all  without  exception  are  decomposed  with  the  production  of  mercury  when 
heated  in  contact  with  dry  carbonate  of  soda.  Most  of  the  soluble  compounds  of  mer- 
cury are  decomposed,  metallic  mercury  being  thrown  down  by  the  combined  yoltaio 
action  of  gold  and  iron,  as  already  indicated,  also  by  a  plate  of  metallic  copper 
immersed  in  the  solution.  The  greater  number  of  mercurial  solutions,  if  not  all,  are 
decomposed  by  protochloride  of  tin,  metallic  mercury  being  thrown  down.  The  peculiar 
action  of  hydrosulphuric  acid  on  soluble  mercurial  salts,— occasionally  yielding  a  white 
precipitate,  which,  however,  changes  to  black  when  more  of  the  precipitant  is  added, — ^is 
important ;  also,  the  action  of  dry  hydrochloric  acid  on  di-solutions  of  mercury,  causing 
the  precipitation  of  an  insoluble  white  powder  (calomel).  Iodide  of  potassium,  too,  is 
a  delicate  and  characteristic  test  of  mercury  in  solution,  more  especially  for  corrosive 
sublimate. 


Equivalent  or  atomic  weight         .        •      108*1 
Specific  gravity 105 

Silver  is  a  very  widely  distributed  metal.  It  occurs  as  native  or  pure  silver ;  also 
in  combination  with  sulphur  (sulphuret,  or  sulphide  of  silver),  or  with  sulphur  and 
lead,  constituting  the  mineral  galena,  and  in  union  with  chlorine,  forming  chloride  of 
silver. 

Preparation  of  Silver  Chemically  Pure. — (1)  100  parts  of  chloride  of  silver  are  inti- 
mately mixed  with  70  parts  of  carbonate  of  lime  (chalk),  and  four  or  five  of  charcoal, 
and  the  mixture  is  heated  to  whiteness  in  an  earthenware  crucible.  Carbonic  oxide  gas 
is  liberated,  and  a  mixture  of  chloride  of  calcium  with  metallic  silver  remains,  the 
metal,  however,  forms  a  button,  and  collecting  in  the  lowest  part  of  the  crucibfe  is 
readily  separated.  Instead  of  the  mixture  of  chalk  and  charcoal,  carbonate  of  soda  or 
of  potash  may  be  used. 

(2)  By  suspending  chloride  of  silver  in  water  acidulated  with  a  little  hydrochloric 
acid,  and  immersing  fragments  of  zinc.  The  chloride  of  silver  by  this  treatment  is 
rapidly  decomposed,  chloride  of  zinc  being  formed,  and  remaining  in  solution,  and  pure 
silver  in  a  finely  divided  condition  being  thrown  down.  Practically,  in  order  to  assure 
the  complete  absence  of  zinc,  it  is  as  well  to  fuse  the  pulverulent  silver  resulting  from 
this  operation  with  a  little  nitric  acid  and  borax.  Instead  of  zinc  iron  may  be  employed ; 
and  this  modification  of  the  process  is  important  as  constituting  the  process  by  which 
silver  is  extracted  from  its  ore,  in  America  and  in  Saxony.  The  silver  ore  (a  sidphuret) 
being  reduced  to  powder  is  intimately  mixed  with  common  salt  (chloride  of  sodium) 
and  roasted  in  a  furnace,  by  which  treatment  chloride  of  silver  is  generated,  and  the 
latter  being  intimately  mixed  with  scraps  of  metallic  iron  and  mercury,  and  well  incor- 
porated, an  amalgam  or  compound  of  silver  with  mercury  results.  The  latter  is  freed 
from  a  portion  of  its  mercury  by  straining  through  a  linen  cloth,  and  finally  the  whole 
of  the  mercury  is  separated  by  distillation. 
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CharaderisHc  Piropertiet  of  Silver, 

Silver  absolutely  pure  is  a  soft  metal  yet  harder  than  pure  gold.  On  account  of 
this  softness  it  is  neither  adapted  to  the  purposes  of  coinage,  nor  to  the  manufacture  of 
articles  of  luxury.  Pure  silyer,  when  polished,  is  more  brilliant  than  any  other  metal, 
and  does  not  tarnish  by  exposure  to  air  either  dry  or  moist,  provided  hydrosulphuric 
acid  gas  or  vapours  of  hydrosulphate  of  ammonia  be  absent ;  otherwise  it  blackens. 
I  Hie  black  surfisuse  acquired  by  a  silver  spoon  when  immersed  in  mustard,  or  in  a 
boiled  egg,  is  also  referable  to  a  superficial  combination  with  sulphur,  and  cofn- 
sequently  demonstrates  the  existence  of  this  element  both  in  eggs  and  in  mustard. 
Next  to  gold  silver  is  the  most  ductile  and  malleable  of  all  metals :  it  fuses  at  a  white 
heat,  and  then  absorbs  oxygen,  but  the  oxidation  is  not  permanent,  pure  brilliant  silver 
resulting  as  the  metal  cools.  Silver  is  sparingly  attacked  by  strong  hydrochloric  acid, 
even  when  hot ;  dilute  sulphuric  acid,  too,  exerts  but  little  action  upon  it ;  strong  sul- 
phuric acid  effects  its  solution,  a  portion  of  the  acid  being  simultaneously  decomposed, 
as  evidenced  by  the  disengagement  of  sulphurous  acid  gas.  Nitric  acid,  whether  dilute 
or  concentrated,  dissolves  silver  readily. 

Combinations  of  Oxygen  with  Silver  {Oxides  of  Silver), 

Three  compounds  of  oxygen  with  silver  are  known,  namely,  the  suboxide  Ag^O  • 
the  protoxide  AgO ;  and  the'  bino^de  AgOj. 

Sub-oxide  of  Silver, 

Freparation, — By  passing  a  stream  of  dry  hydrogen  gas  over  dry  citrate  of  silver, 
heated  to  212''  Fah. 

The  citrate  of  silver,  treated  as  described,  loses  oxygen,  and  assumes  a  brown  tint. 
The  product,  when  dissolved  in  water,  yields  a  solution  of  citric  acid,  mixed  with 
citrate  of  su'b-oxide  of  silver.  Solution  of  potash  being  acid,  sub-oxide  of  silver  pre- 
cipitates. It  is  black,  soluble  in  ammonia,  and  readily  decomposed.  "When  the  mixed 
solution  of  citric  acid  and  citrate  of  sub-oxide  of  silver  is  heated,  citrate  of  protoxide  of 
silver  and  metallic  silver  result,  and  the  solution  becomes  colourless. 

Protoxide  of  Silver, 
Preparation, — ^When  solution  of  potash  is  mixed  in  excess  with  a  solution  of  nitrate 
of  silver,  black  hydrated  protoxide  of  silver  falls.  This  compound  loses  its  water  of 
hydration  when  heated  gently,  or  when  subjected  to  the  vacuum  of  an  air-pump. 
Anhydrous  protoxide  of  silver  is  an  olive-coloured  powder.  Both  hydrated  and  anhy- 
drous protoxide  of  silver  are  decomposed  by  exposure  to  the  sun's  direct  rays.  The 
Lydrated  protoxide  dissolves  in  water  to  a  slight  extent,  and  then  manifests  an  alkaline 
te-action ;  but  it  is  totally  insoluble  in  caustic  alkalies.  AH  the  important  silver  salts 
contain  protoxide  of  that  metal  as  base. 

Binoxide  or  Peroxide  of  Silver, 
Preparation, — When  two  platinum  electrodes  in  action  are  plunged  into  a  weak 
solution  of  nitrate  of  silver,  the  positive  conductor  soon  becomes  covered  with  black 
prismatic  crystals  of  the  binoxide  or  peroxide  of  silver.  This  compound  is  not  so 
readily  decomposed  by  heat  as  the  protoxide,  which  is  contrary  to  liie  general  rule.  It 
does  not  combine  with  acids,  but  decomposes,  and  yields  salts  of  tiie  protoxide. 
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Ammoniuretted  Oxide  of  Silver, 

This  term  may  be  provisionally  applied  to  indicate  a  compound  possessed  of  violently 
explosive  qualities,  and  the  composition  of  which  is  variously  represented  by  different 
chemists.  Some  regard  it  as  the  result  of  a  direct  combination  between  ammonia  and 
oxide  of  silver,  having  the  formula  AgO  4~  ^^3 ;  others  believe  it  to  be  an  amide  of 
metallic  silver,  and  consequently  represented  by  the  formula  Ag,  NH2',  whilst^ 
according  to- a  third  supposition,  it  iff  a  direct  compound  of  sUver  wiith  nitrogen.  This 
black  fiilminating  oxide  of  silver  must  not  be  confounded  with  white  y»/fntn^^  of  oxide 
of  silver,  formed  by  a  process  analogous  to  that  adopted  in  the  generation  of  fulminate 
of  oxide  of  mercury.  The  black  compound  under  consideration  is  as  much  more  dan- 
gerous than  the  white  fulminate  of  silver,  as  the  latter  in  comparison  with  the  corres- 
ponding salt  of  mercury. 

Preparation. — The  method  of  generating  the  black  fulminating  oxide  of  silver  is 
here  indicated,  rather  for  the  purpose  of  guarding  the  operator  against  the  conse- 
quences of  its  accidental  production  than  as  a  guide  for  its  preparation.  It  may  be 
fbrmed  by  digesting  oxide  of  silver  with  strong  solution  of  ammonia ;  or  by  pouring 
solution  of  potash  into  a  protosalt  of  silver  dissolved  in  solution  of  ammonia.  At  a 
temperature  of  about  212°  Fah.  it  explodes,  even  when  covered  by  water,  and  mere 
friction  with  the  plume  of  a  feather  causes  detonation  of  the  dry  substance. 

Salts  of  Protoxide  of  Silver.-^J^itraie  of  Silver. 

This  very  important  salt  has  long  been  employed  in  medical  and  surgical  practice, 
under  the  appellation  of  "  lunar  caustic,''*  which  substance  is  nitrate  of  silver  fused,  and 
oast  into  ro\ind  sticks.  The  'crystallized  salt  is  now  largely  employed  in  dalotype 
operations,  and  for  many  other  purposes  in  the  arts. 

Preparation. — By  dissolving  silver  in  nitric  acid  moderately  strong,  and  evaporating 
the  solution  until  crystals  form.  If  the  silver  employed  be  pure,  the'  nitrate  of  silv^ 
resulting  will  be  pure  also ;  but  in  practice  it  is  usual  to  employ,  for  the  manufaotore 
of  this  substance,  silver  which  has  been  alloyed  with  copper,  in  which  case  one  of  the 
following  modifications  of  the  process  just  described  has  to  be  adopted :— (1)  The  whole 
of  the  alloyed  silver  having  been  dissolved,  the  solution  is  evaporated  to  dryness  tod 
the  dry  mass  fused.  By  this  treatment  the  nitrate  of  copper  is  decomposed  into  the 
elements  of  nitric  acid,  which  being  volatile  are  evolved,  and  oxide  of  copper,  which 
zemains  diffused  through  the  liquified  nitrate  of  silver,  which  is  ooloured  brown  in 
consequence.  From  time  to  time  a  little  of  the  fdsed  product  is  removed  on  the  ex- 
tremity of  a  glass  rod,  dissolved  with  water,  and  tested  by  ammonia ;  so  long  as  any 
nitrate  of  copper  remains  undeoomposed,  the  solution  turns  blue  when  ammonia  is 
added ;  but  as  soon  as  the  decomposition  of  nitrate  of  copper  is  complete,  this  change 
does  not  take  place.  The  fused  mass  being  now  removed  from  the  fire,  allowed  to 
grow  cold,  dissolved  in  water,  and  the  solution  filtered,  yields  a  solution  of  pur©  nitrate 
of  silver,  which  is  to  be  evaporated  as  before  until  crystals  are  produced.  (2)  A  solution 
of  mixed  nitrate  of  silver  and  nitrate  of  copper  having  been  made,  one-fifth  part  of  it  is 
to  be  precipitated  by  cold  potash  solution  added  in  excess.  By  this  treatment  all  the 
oxide  of  silver  and  oxide  of  copper  is  thrown  down.  The  mixed  oxides  having  been 
well  washed  fot  the  puspose  of  removing  potash,  are  to  be  added  to  the  remaining  four- 
fifths  of  the  solution  and  boiled,  by  which  treatment  the  whole  of  the  oxide  of  copper 
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is  thrown  down,  and  a  solution  of  pure  nitrate  of  silver  remains,  which  is  to  be  treated 
as  before. 

Nitrate  of  silver,  when  quite  free  from  all  organic  matter,  does  not  perceptibly 
decompose  when  subjected  to  the  sun's  direct  rays ;  but  the  slightest  admixture  oi 
organic  matter  leads  to  that  result. 

SidpFtaU  of  Silver^ 

Preparatum. — (1)  By  digesting  silver  with  concentrated  sulphuric  acid. 

(2)  By  adding  sulphuric  acid  or  sulphate  of  soda  to  a  boiling  solution  of  nitrate  of 
silver. 

Properties, — A  white  crystalline  body,  though  the  crystals  are  usually  small,  soluble 
in  water  to  a  slight  extent  only,  but  more  soluble  in  solution  of  ammonia. 

Carbonate  of  Silver^ 

Preparation. — By  adding  carbonate  of  soda  to  a  solution  of  nitrate  of  silver. 

Properties, — A  white  powder,  which  changes  to  brown  by  exposure  to  the  sun's 
rays,  and  suffers  decomposition  when  heated,  either  dry  or  surrounded  by  water,  metallic 
silver  in  both  cases  being  the  fixed  result  of  decomposition. 

Acetate  of  SHioer, 

Preparation,— Bj  dissolving  carbonate  of  silver  in  acetic  acid,  or  by  pouring  solution 
of  acetate  of  soda  into  a  hot  and  concentrated  solution  of  nitrate  of  silver. 

Syposuiphite  of  Silver. 

This  salt  is  a  white  powder  which  suffers  decomposition  when  boiled  with,  water, 
metallic  silver  being  precipitated.  Hyposulphite  of  silver  readily  combines  with  allm- 
line  hyposulphites,  generating  solutions  characterized  by  an  intensely  sweet  taste. 
Alkaline  hyposulphites,  moreover,  dissolve  chloride  and  oxide  of  silver,  yielding  solu- 
tions somewhat  brown  in  appearance,  and  also  sweet.  This  property  of  the  alkaline 
hyposulphites  renders  them  applicable  to  the  calot3rpe  operation  as  solvents  for  certain 
argentiferous  depositions,  which,  if  allowed  to  remain,  would  be  injurious  to  the 
picture. 

Comhinatione  of  Silver  and  Sulphur. — SvUphurets  or  Sulphides  of  Silver. 

Only  one  compound  of  sulphur  with  silver,  the  monosulphuret  or  monosulphide  is 
known;  It  occurs  native,  crystallizing  in  forms  isomorphous  with  those  of  the  sub- 
sulphuret  of  copper.  Sometimes  it  is  found  pure,  but  more  generally  in  combination 
with  Bulphurets  of  arsenic  and  antimony.  Sulphuret  of  silver  of  the  same  chemical 
composition  may  also  be  formed  by  fusing  silver  and  sulphur  together  in  single  atomic 
proportions,  or  by  precipitating  solution  of  a  silver  salt  by  hydrosulpliiiric  acid  or 
hydrosulphate  of  ammonia. 

saver  with  Chlorine — Chloride  of  Silver* 

Only  one  chloride  of  silver  is  known ;  it  is  the  protochloride,  and  a  very  important 
compound.  Chloride  of  silver  is  occasionally  found  native,  and  may  be  prepared  by 
adding  hydrochloric  acid,  chlorine,  or  any  soluble  chloride,  to  solution  of  nitrate  of 
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silyer,  or  almost  any  argentiferous  solution.  It  is  a  dense  flocculent  white  powder,  the 
particles  of  which  cohere  hy  agitation,  and  form  acid  masses,  which  are  highly  cha« 
racteristic.  The  precipitate  separates  most  satisfactorily  from  solutions  acidulated  by 
nitric  acid,  and  heated.  Chloride  of  silver  is  not  soluble  in  water  to  an  appreciable 
extent,  but  sUghtly  soluble  in  hot  concentrated  hydrochloric  acid.  Ammonia  solution 
dissolves  it  with  facility,  and  serves  to  distinguish  it  from  subchlotide  of  mercury 
(calomel),  which  it  closely  resembles  in  physical  appearance.  Calomel  is  blackened  by 
the  addition  of  solution  of  ammonia,  whereas  chloride  of  silver,  as  we  have  seen,  is 
dissolved  by  that  reagent. 

Chloride  of  silver  is  blackened  by  exposure  to  the  sun's  rays,  possibly  owing 
to  conversion  into  subchloride,  but  the  rationale  of  the  change  is  not  fully  imderstood. 
The  blackened  portion  is  no  longer  dissolved  either  by  ammonia  or  alkaline  hypo- 
sulphites, whereas  the  white  portion  is  dissolved  in  both.  Chloride  of  silver  fuses  at 
about  500°  Fah.,  and,  on  cooling,  forms  a  semi-transparent  homy  mass ;  at  a  still 
higher  temperature  it  may  be  partially  volatilized.  The  methods  of  effecting  its 
decomposition,  and  producing  its  metallic  silver,  have  already  been  adverted  to  at 
page  501. 

Silver  with  lodiMf  and  with  Bromine. 

The  iodide  of  silver  is  a  yellowish  white  powder,  lihrown  down  when  solution  of  an 
iodide  is  added  to  solution  of  a  silver  salt.  Nitric  acid  and  ammonia  dissolve  it  to  a 
slight  extent,  whereas  chloride  of  silver  is  readily  soluble  in  ammonia,  as  we  have 
seen,  as  in  like  manner  is  bromide  of  silver.  The  latter  salt  is  prepared  like  the  iodide 
merely  employing  a  soluble  bromide  in  place  of  a  soluble  iodide. 

Silver  with  Cyanogen* 

When  hydrocyanic  acid  is  poured  into  a  solution  of  nitrate  of  silver,  a  curdy  white 
precipitate,  cyanide  of  silver  falls.  By  this  means  the  quantity  of  hydrocyanic  acid 
present  in  a  solution  may  be  determinedly  Cyanide  of  silver  is  not  soluble  in  water, 
nor  in  dilute  and  cold  nitric  acid ;  but  solution  of  ammonia  dissolves  it  with  facility. 
Treated  with  hydrochloric  acid,  decomposition  ensues,  chloride  of  silver  and  hydro- 
cyanic acid  being  simultaneously  generated.  Occasionally  the  decomposition  is  taken 
advantage  of  in  effecting  the  extemporaneous  preparation  of  hydrocyanic  acid. 

Silver  Assaying, 

Pure  silver,  as  I  have  already  remarked,  is  too  soft  for  the  purposes  of  coinage  and 
manufacture.  To  render  it  adapted  to  these  uses  it  is  melted,  or  alloyed,  with  a  certain 
per  centage  of  other  metal,  usually  copper.  The  amount  of  alloy  varies  for  different 
coimtries.  English  standard  silver  is  composed  of  11  oz.  2  dwts.  silver  melted  with 
18  dwts.  pure  copper.  The  per  centage  composition  of  a  silver  alloy  can,  of  course,  be 
ascertained  by  one  of  several  processes  of  chemical  analysis.  Practically,  however,  the 
operations  are  reduced  to  two ;  the  dry  and  the  moist  processes  of  silver  assaying.  In 
England,  the  former  is  almost  exclusively  employed,  though  in  France  the  latter  is 
followed  by  preference.  The  dry  process  of  silver  or  gold  assaying  involves  the 
operation  of  eupeHation,  as  it  is  termed,  the  outline  of  which  I  shall  now  proceed  to 
describe. 

Cupellation. — Pure  silver  may  be  fused  without  any  permanent  oxidation,  and  a 
similar  remark  applies  to  gold  and  platinum.    The  latter  metal  may  be  left  out  of 
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eonsideration ;  hence,  imeticallj  the  only  metals  we  hsre  to  eonsider  n  the  objects  of 
oopellation  are  sStyer  and  goAL  Exdnding  platmnm,  then,  all  o&er  metals,  except 
silyer  and  gold,  are  conyeried  into  oxides  idien  kept  fbsed  ibr  a  eonsideEable  time. 
Lead  is  pre-eminent  in  this  respect ;  not  only  does  it  oxidise  wi&  extreme  fiuafity ,  but 
the  oxide,  when  generated,  readfly  Aues,  and  acts  as  a  sdrent  fbr  other  oxides,  e^e- 
dally  that  of  copper.  If,  then,  the  fused  oxides  conld  be  saoeessiTdy  remored,  as 
soon  as  formed,  the  silrer  contained  in  an  alloy  free  fhmi  gold  would  erentoally  remain 
pore.  On  a  proper  apj^cation  of  these  principles  depend  the  process  of  cnpeHalion,  so 
called  from  the  employment  of  a  little  cnp,  or  crucible,  technically  denominsted  ttapd, 
made  of  bone  earth,  a  material  which  is  endowed  with  the  quality  of  absorbing  tiie 
Ibsed  oxides  after  the  manner  of  a  sponge. 

The  operation  is  conducted  in  the  following  manner : — A  weighed  portion  of  sQrer 
alloy,  usually  not  more  than  12  grains,  being  wrapped  in  dieet  lead,  absDlutely  pure, 
is  thrown  upon  a  cupel  heated  to  redness  in  a  small  oren,  through  which  a  current  of 
atmospheric  air  continually  passes.  This  oyen  is  technically  known  as  a  nrofle,  and 
the  manner  of  fixing  it  in  the  assaying  furnace  is  represented  by  the  fbllowiilg 
engravings : — 


The  process  of  cupellation  does  not  giye  results  absolutely  correct,  especially  if  the 
heat  employed  be  unnecessarily  high,  inasmuch  as  silver  is  perceptibly  TolatQe  under 
these  circumstances ;  but,  on  the  other  hand,  &  portion  of 
the  lead  employed  remains  obstinately  combined  with  the 
silver,  and  thus  in  some  measure  compensates  for  the  pro- 
tion  of  that  metal  lost  by  evaporation.  Usually  the  cupelling 
process  occupies  about  twenty  minutes,  and  may  be  known 
to  have  been  continued  sufficiently  long  by  a  peculiar  appearance,  termed  ^  brightening,"^.. 
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assumed  by  the  silver  bead.  Whilst  any  lead  or  other  base  metal  remains  to  be 
removed,  the  bead  of  impure  silver  is  seen  to  emit  f\imes,  to  be  tinted  with  iridescent 
colours,  and  to  be  violently  agitated ;  suddenly,  however,  a  flash  of  light  appears,  the 
iridescence  and  motion  cease,  the  bead  becomes  dead  white  and  motionless.  The 
operator  must  now  draw  the  cupel  towards  the  external  orifice,  or  mouth  of  the  muffle* 
and  there  allow  it  to  remain  until  it  becomes  partially  cold,  when  it  is  to  be  withdrawn 
completely,  allowed  to  become  quite  cold,  and  weighed.  The  loss  of  weight  is  indi- 
cative of  the  per  centage  of  base  metal  originally  present.  If  the  cupel  with  its  con- 
tents be  withdrawn  abruptly,  the  bead  of  silver  is  liable  to  shoot  forth  fungoid-looking 
excrescences,  occasionally  with  such  violence  that  particles  of  silver  are  darted  away, 
add  lost.  This  phenomenon  is  dependent  on  the  fact,  that  pure  silver,  when  fused, 
absorbs  a  considerable  amount  of  oxygen,  which  does  not  contribute  to  form  a  per- 
manent oxide,  however,  but  is  evolved  as  the  silver  cools. 

The  moist  process  of  silver  assaying  is  founded  upon  the  fact  that  all  the  silver  con- 
tained in  an  alloy  may  be  precipitated  from  solution  by  means  of  a  soluble  chloride. 
Chloride  of  sodium  (common  salt)  is  the  material  employed  for  this  purpose,  and  the 
estimation  is  made  in  France  vokimetrically ;  that  is  to  say,  the  solution  of  common 
salt  is  determinate,  in  such  manner  that  a  given  volume  used  corresponds  with  a  known 
portion  of  silver.  If  time  be  not  an  object,  the  estimation  of  silver  as  chloride  may  be 
effected  by  weighing  instead  of  measuring  the  quantity  of  solution  used ;  in  which  case 
the  test  solution  should  be  poured  into  tiie  argentiferous  solution  from  a  Schuster's 
alkalimeter— the  instrument  represented  at  p.  413. 
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Grold  is  almost  invariably  found  in  the  metallic  state — not,  however,  pure,  being 
contaminated  usually  with  silver  or  copper,  or  both,  and  more  rarely  with  tellurium, 
and  with  palladium.  Gold  is  but  rarely  obtained  from  mines ;  in  the  form  of  nuggets 
or  metallic  lumps,  it  is  collected  by  manual  labour,  and  when  the  particles'  are  too  small 
for  this  treatment  they  are  usually  extracted  either  by  means  of  mercury  (amalgama- 
tion) or  more  rarely  by  the  agency  of  chlorine. 

Gold,  though  a  scarce  metal,  is  very  widely  diffused.  There  are  but  few  parts  of 
the  world  in  which  gold  has  not  been  found  to  some  extent,  but  California  and  Aus- 
tralia have  yielded  it  in  larger  quantities  than  any  other  regions.  Gold,  like  silver, 
is  too  soft  for  adaptation  to  the  purpose  of  coinage  or  ornamentation ;  hence  it  must  be 
alloyed,  and  the  base  metal  added  is  usually  copper,  though  occasionally  other  metals 
such  as  silver  and  zinc  are  used.  The  student  may  have  remarked  that  English 
sovereigns  and  Half  sovereigns  coined  before  the  year  1^26,  are  lighter  in  colour  than 
ikose  subsequently  produced ;  which  is  referable  to  the  fact  of  their  holding  in  their 
composition  a  portion  of  silver.  The  per  centage  of  alloy  metal  is  fixed  by  law  in  all 
civilized  countries,  and  differs  according  to  the  use  to  which  the  gold  is  intended  to  be 
applied.  English  gold  coins  are  made  of  twenty-two  parts  pure,  or  fine  gold,  alloyed 
with  two  parts  copper ;  in  other  words,  one  part  copper  to  eleven  of  gold— the  reason 
why  two  parts  to  twenty-two,  instead  of  one  to  eleven,  will  be  explained  presently. 
The  legal  ratio  of  admixture  adopted  in  France  for  the  gold  pieces  of  that  nation  is  one 
to  nine. 
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Cofnbinatioru  of  Gold  toUh  Oxygen, 

Gold  may  be  fosed  and  exposed  to  contact  with  atmoeplieric  air  for  an  indefinite 
period,  without  the  generation  of  an  oxide ;  nevertheless,  by  chemical  treatment  two 
distinct  oxides  of  gold  may  be  generated,  the  sub-oxide  kxxjd  and  the  sesquioxide  or 
peroxide  Au^Os. 

Sub-oxide  of  Qold^{k\ifi). 

Preparation. — ^When  potash  solution  is  added  to  solution  of  sub-chloride  (dichloride 
of  gold)  a  powder  of  deep  violet  colour,  which  is  the  oxide  in  question,  falls.  Oxyacids 
have  no  action  ux>on  it,  but  hydracids  decompose  it,  sesquichloride  of  gold  AujCS) 
being  formed  and  metallic  gold  deposited. 

Sesquioxide  or  peroxide  of  Gold,  also  called  Aurie  Acid, 

Preparation. — By  digesting  a  solution  of  perchloride  of  gold  with  magnesia,  aurate 
of  magnesia  mixed  with  free  magnesia  is  obtained.  When  this  mixture  is  boiled  with 
nitric  acid  the  magnesia  dissolves,  and  hydrated  sesquioxide  of  gold  remains.  It  is  a 
yellowish-red  powder  when  hydrated,  turning  to  chesnut-brown  when  dried.  Heat 
and  direct  solar  light  effect  its  decomposition  into  oxygen,  and  metallic  gold ;  when 
boiled  with  deoxidising  agents,  such  as  alcohol  or  sulphurous  acid,  also  many  of  the 
organic  acids,  the  same  result  occurs.  Neither  this  nor  the  preceding  oxide  forms 
definite  compounds  with  acids. 

Ammoniacal  Oxide  of  Oold  or  PutminaUng  Gold. 

"Wlien  solution  of  ammonia  is  poured  into  sesquichloride  of  gold,  a  precipitate  pos- 
sessing fulminating  properties  deposits.  Its  composition  has  not  been  quantitatively 
determined,  but  it  is  known  to  contain  oxide  of  gold,  ammonia,  and  chlorine.  If  this 
compound  be  digested  in  a  further  quantity  of  ammonia,  a  brown  powder  remains 
which  is  fidminating  gold,  properly  so  called.  According  to  the  opinion  of  most 
chemists  it  is  a  combination  of  sesquioxide  of  gold  with  ammonia. 

Gold  with  Chlorine— Chlorides  of  Gold. 

There  are  two  combinations  of  gold  with  chlorine,  corresponding  with  the  two 
oxides  of  gold.  The  sesquichloride  is  the  product  of  dissolving  gold  in  nitrohydro- 
chloric  acid  (aqua  regia).  By  evaporating  the  solution  to  dryness,  a  yellow  crystalline 
material  composed  of  hydrochloric  acid  and  sesquichloride  of  gold  results  ;  and  tlus, 
when  still  more  heated,  suffers  partial  decomposition,  hydrochloric  acid  being  evolved 
and  sesquichloride  of  gold  remaining.  It  is  a  brown  deliquescent  material,  very 
soluble  in  alcohol  and  ether ;  the  latter  of  which  even  removes  sesquichloride  of  gold 
from  its  aqueous  solution. 

Subchloridey  or  Bichloride^  of  Gold. 

When  the  preceding  compound  is  exposed  to  a  temperature  not  exceeding  440^ 

IFah.,  chlorine  is  evolved  and  dichlorido  of  gold  remains.      It, is  yellowish,  non- 
crystalline, and  insoluble  in  water. 
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Gold  with  Sulphur — Sulphurets  or  Sulphides  of  Gold. 

Two  of  these  compounds  are  known,  corresponding  with  the  oxides,  and  the 
chlorides  of  gold  respectiYeljr.  They  are  formed  by  transmitting  hydrosulphnrio  acid 
through  solutions  of  sesquichloride  of  gold.  If  the  solutions  be  hot,  the  dark-brown 
di-8ulphuret  is  precipitated ;  but  if  cold,  the  black  powder  which  falls  is  the  sesquisul- 
phuret  of  gold. 

Gold  Assaying. 

The  operation  of  gold  aasaying  inyolves  the  two  processes  of  cupellation,  already 
described,  and  quartation.  If,  instead  of  a  compound  of  silver  with  ozidisable  metal,  a 
compound  of  gold,  and  the  same  be  cupelled  with  lead  a  bead  of  pure  gold  will  remain ; 
if,  however,  a  compound  of  gold,  silver,  and  base,  or  oxidisable  metal  be  cupelled,  the 
result  of  cupellation  will  be  an  alloy  of  pure  gold  and  pure  silver  combined. 

Now  gold  is  not  soluble  in  nitric  acid,  whereas  silver  readily  dissolves  in  that 
menstruum;  hence  theory  suggests  that  all  the  silver  contained  in  an  argento-auriferous 
alloy  should  be  capable  of  removal  by  the  action  of  hot  nitric  acid,  leaving  the  gold 
behind.  Practically,  however,  this  result  does  not  ensue  except  the  silver  present 
amount  to  not  less  tluui  two-thirds  of  the  total  weight  of  the  mixed  metals.  Hence 
the  process  of  gold  assaying  resolves  itself  into  the  following  general  scheme :  the 
assayer  having  formed  a  judgment,  from  the  colour  and  general  appearance  of  the 
alloy,  as  to  the  amount  of  silver  present,  adds  such  a  known  excess  of  pure  silver  as 
when  fused  with  the  gold  shall  yield  a  button  having  the  composition  of  about  three 
parts,  by  weight,  of  silver  to  one  of  gold.  The  compound  is  now  wrapped  in  thin 
sheet  lead  and  cupelled  in  the  ordinary  manner ;  the  result  of  which  operation  is  a 
button  of  gold  mixed  with  silver.  This  product  is  next  flattened  into  a  plate  or  ribbon, 
heated  to  render  it  soft,  converted  into  a  flat  helix  termed  a  comet,  by  winding  it  round 
a  quill  or  other  small  cylinder,  and  boiled  with  nitric  acid.  By  this  treatment  the 
whole  of  the  silver  is  dissolved,  and  the  gold  remains.  When  first  withdrawn  from 
the  nitric  acid  the  gold  helix  is  friable  and  devoid  of  the  metallic  appearance ;  after 
being  heated,  however,  its  particles  cohere,  and  its  surface  assumes  the  golden  aspect. 
It  has  already  been  stated  that  although  the  proportion  of  alloy  in  English  gold  coins 
is  one  to  eleven,  the  proportion  is  invariably  expressed  as  two  parts  to  twenty-two.  The 
origin  of  this  custom  is  as  follows :  every  portion  of  gold,  whether  large  or  small,  is 
assumed  to  be  divided  into  twenty-four  equal  parts,  termed  caraiSf  and  the  actual 
quantity  of  pure  gold  present  is  spoken  of  as  so  many  carats  fine.  For  example — 
absolutely  pure  gold,  or  that  which  is  devoid  of  all  mixture  of  base  metals,  is  said  to 
be  twenty-four  carats  fine,  or  two  carats  better  than  standard,  whereas  gold  containing 
four  parts  of  base  metal  in  the  twenty-four,  is  said  to  be  gold  of  twenty  carats  fine,  or 
two  carats  worse  than  standard,  &c. 

General  Characteristics  of  Auriferous  Solutions. — Solution  of  gold  in  nitrohydrochloric 
acid  is  the  only  one  which  usually  occurs.  The  presence  of  gold  in  it  may  be  detected 
by  the  following  characteristics : — 

(1)  Solution  of  protochloride  of  tin  throws  down  a  precipitate,  the  exact  composition 
of  which  is  still  undetermined,  but  which  is  known  as  the  ^^  purple  powder  ofCassius." 
The  purple  colour  is  scarcely  evident  in  the  powder  itself,  but  becomes  maidfest  when 
the  latter  is  fused  with  borax. 
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(2)  SolutionB  of  protosaltfl  of  iron,  when  heated  with  the  aorifiBrovis  aoliitiosiy  throw 
down  metallic  gold. 

(3)  A  cuirent  of  hydroatdphuric  acid,  solution  of  that  add  in  water,  or  hydro- 
•olpluite  of  aimnoniHi  throws  down  a  hrown  or  black  precipitate,  whidi,  on  the  apfli- 
catum  of  soflldent  heat,  deeomposes,  erolres  the  elements  of  hydroBulphnnc  acid,  and 
lesres  a  fixed  lesidiie  of  metallic  gold. 


Equivalent,  or  atomic  weight  .  98*7 

Specific  grayity  .  .  21*5 

This  metal  was  only  introduced  into  Europe  towards  the  middle  of  the  last  oentmy; 
though,  under  the  name  of  Platina,  diminutive  of  Plata,  and  signifying  Utile  sihrer,  it 
had  long  been  known  to  the  American  Spaniards.  Platinum  is  the  moat  iTtfiigiy^  d 
metala,  and  the  heaviest  of  all  known  bodies.  It  eannot  be  melted  in  the  atnxigeatheat 
of  furnaces,  but  it  fuses  before  the  hydro-oxygen  flame,  or  when  held  in  the 
arc  which  extends  between  a  pair  cf  voltaic  eharooal  electiodaa  in  poweifol 
Besides  this  quality  of  difficult  fusibility,  platinum  is  not  attacked  by  the 
acids ;  hence  it  becomes  important  to  the  chemist,  as  a  matorial  for  many  of  his 

Jhreparaium  of  aitobsiely  pure  FlaUnum, — ^Platinum  of  oommerae  is  neady  pam,  inly 
confining  a  minute  portion  of  iridium,  which  increases  tiie  haxdneos  of  platirmrnj  bat 
lessens  its  malleability.  To  obtain  platinum  absolutely  pw^  the  aehsme  of  opeiatioB 
is  as  £)llows : — ^A  solution  of  commercial  platinum  is  ctfTected  in  ^mtxahydrochlacie 
acid  (chloride  of  platinum),  and  solution  of  ehloride  of  potasatum  is  added.  ^Qie  yellow 
precipitate  which  dejiosits  is  a  mixture  of  the  double  chlonde  of  potaaaimm  and 
platinum,  with  the  double  chloride  of  potassium  and  iridinm.  The  precipitate  hamg 
been  intimately  mixed  with  carbonate  of  potash,  is  heated  to  redness  in  a  craoafale  of 
poieelain.  The  result  of  liiis  operation  is  metallic  platinum  and  oxide  of  iri£sm, 
mixed  with  chloride  of  potassium.  The  alkaline  residue  having  been  disKdved  oat  by 
hot  water,  the  mixture  of  oxide  of  iridium  and  metallic  platinum  is  treated  witii 
dilute  nitrohydrochloric  acid,  which  only  disscdves  the  platinum .  Sal-ammoniae 
being  now  poured  into  the  platinum  solution,  the  double  chloride  of  jdatinum  and  flal« 
ammoniac  (FtCl,  +  NH,  HCl)  falls,  and  <m  the  apfdieation  of  anfficient  heat  is 
decomposed ;  metallic  platinum,  in  minute  state  of  division  (qpongy  platinum),  being 
the  sole  residue. 

Inasmuch  as  platinum,  like  iron,  admits  of  being  welded,  the  apqn^  platinnm  nut 
described  if  heated  to  complete  whiteness  and  strongly  compressed  in  a  mould,  admits 
of  being  brought  to  the  condition  of  bar-platmum ;  and  this  lattei^  by  rolling,  amy  be 
converted  into  platinum  sheet.  This,  indeed,  is  an  outline  of  the  proeesaes  followed 
on  the  large  scale  of  platinum  manufacture. 

Properties, — ^The  Ibree  most  prominent  characteristics  of  platinum  are  its  extreme 
density,  its  difficult  fusibility,  and  its  resistance  to  the  solvent  power  of  acids. 
Hydrochloric  and  sulphuric  acids,  whether  hot  or  cold,  are  completely  devoid  of 
action  on  platinum;  nor  does  nitric  acid  dissolve  it  under  ordinary  ccmditions. 
Nevertheless,  if  platinum  be  alloyed  with  silver  to  a  sufficient  extent,  and  the  alloy  be 
acted  upon  by  nitric  acid,  both  platinum  and  silver  are  taken  up.    The  best  solvent 
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for  platinum  is  chlonne ;  nitrohydrochloric  acid  being  the  cbloriniferous  fluid  usually 
employed  for  this  purppae. 

Though  platinum  resists  the  action  of  acids,  and  therefore  has  an  extensive  sphere 
of  application  in  chemical  operations,  nevertheless  it  is  a  treacherous  metal,  and 
vessels  made  of  it  are  soon  injured,  if  the  substances  capable  of  uniting  with  it  are  not 
borne  in  mind.  Vessels  of  platinum  cannot  be  employed  for  effecting  the  fusion  of 
other  metals ;  they  are  spoiled  by  heating  ij»  .contact  with  sulphur,  or  any  compound 
which  readily  evolves  sulphur :  phosphorus  and  arsenic,  too,  damage  them,  and  also 
caustic  alka^eB,  and  mixtures  of  caustic  alkalies  with  nitrates  of  the  same.  Platinum 
omcibles,  moreover,  are  injured  by  the  prolonged  contact  of  incandescent  charcoal ;  an 
effect  which  is  due,  apparently,  to  the  action  of  silicic  acid  contained  in  the  charcoal. 
Platinum  crucibles  are  generally  heated  naked  over  the  flame  of  gas,  or  of  a  spirit- 
lamp,  or  in  a  small  furnace  containing  charcoal;  but  if  the  operation  of  heating 
is  required  to  be  of  long  duration,  the  platinum  crucible  should  be  protected,  by 
bedding  it  in  an  earthenware  crucible,  having  magnesia  tightly  impacted  between 
the  two. 

Platinum,  when  obtained  in  avery  flne  state' of  mechanical  division,  is  endowed 
with  some  curious  properties.  One  form  of  flnely-divided  platinum  (spongy  platinum) 
has  already  been  described ;  the  substance  termed  platinum  black  furnishes  the  metal 
in  a  condition  of  still  more  minute  division.  Platinum  black  may  be  prepared  by 
three  processes. 

(1)  By  boiling  solution  of  chloride  of  platinum,  PtCLj,  with  carbonate  of  soda 
and  sugac,  collecting  the  precipitate,  washing  and  drying. 

(2)  By  dissolving  protochloride  of  platinum  (PtCl)  in  a  solution  of  potash,  boiling, 
and  adding  alccbol  until  a  preoipitate  no  longer  forms,  wadiing  and  drying. 

(3)  By  thfi  addition  of  alcohol  to  solutioa  of  sulphate  of  platinum. 

The  metal  in  all  these  states  of  fine  division  has  the  property  of  absorbing  oxygen, 
and  producing  some  curious  phenomena  of  combustion.  This  peculiarity  is  taken 
advantage  of  in  several  chemical  operations.  For  example,  a  mixture  of  chloroplati- 
nate  of  ammoTria,  saL-ammouiac,  and  clay,  when  made  in  the  form  of  pellets  and 
stronglj  ignited,  yields  a  x>orous  mass  of  clay  and  finely-divided  platinum,  much 
employed  by  ichemists  for  effecting  the  combination  of  hy<hrogen  and  oxygen  gases,  in 
certain  oases  where  the  electric  spark  would  be  inapplicable.  A  pellet  of  this  kind 
is  also  sometimes  employed  as  a  means  of  instantaneous  li^t,  by  directing  upon  it  a 
jet  of  hydrogen,  wihioh,  if  the  pellet  be  in  good  working  order,  soon  inflames.  These 
combufitive  effiectsaie  still  more  conspicuously  displayed  by  platinum  black,  especially  the 
variety  made  from  sulphate  of  platinum,  and  are  sometimes  employed  for  technological 
purposes.  Thus,  if  a  small  stream  or  continuous  drops  of  alcohol  be  permitted  to  fall 
upon  platinum  hlaok,  the  latter  soon  begins  to  glow,  and  the  alcohol  is  decomposed,  the 
chief  result  of  deoompositioa  being  acetic  acid.  In  this  manner  acetic  acid  is  some- 
times prepared  in  Germany. 

Although  finely  divided  platinimi,  as  we  have  it  in  platinum  sponge  or  platinum 
black,  manifests  the  oombustive  phenomena  just  adverted  to  in  an  extreme  degree,  yet 
platinum  in  mass  manifests  a  similar  tendency,  as  may  be  illustrated  by  the  very 
common  experiment  of  surrounding  the  wick  of  a  spirit  lamp  with  fine  platinum  wire, 
igniting  the  wiok  until  the  wire  is  incandescent,  then  blowing  out  the  flame.  Under 
these  circumstances  slow  combustion  of  the  alcohol  ensues,  and  the  platinum  wire 
remains  incandescent. 
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Platinum  toith  Oxygen — Oxide  ofPlatimm, 

Platinuni  is  known  to  unite  with  oxygen  in  two  proportions,  producing  respectiyely 
protoxide  and  binoxide,  or  peroxide  of  platinum,  haying  the  respectiYe  compositLons  of 
PtO  and  Pt  Oj. 

Protoxide  of  Platinum, 

Pteparation. — By  the  addition  of  caustic  potash  to  solution  of  protochloride^of  plati- 
num, the  precipitation  of  a  black  powder,  hydrate  of  protoxide  of  platinuni  is  effected. 
It  dissolves  in  both  alkalies  and  acids. 

Binoxide  of  Platinum, 

Preparation. — By  adding  a  considerable  excess  of  caustic  potash  to  solution  of  p^- 
chloride  of  platinum,  boiling  the  yellow  precipitate  in  its  fluid  of  precipitation,  and 
adding  acetic  acid  to  the  boiled  liquor.  The  powder  which  forms  is  hydraie  of 
peroxide  of  platinum.  When  heated  it  evolves  water  and  becomes  anhydrous.  The 
hydrated  oxide  dissolves  in  acids  and  in  caustic  alkalies,  but  the  anhydrous  oxide  does 
not.  ~ 

Salttofthe  Oxidet  of  Platinum, 

Both  protoxide  and  binoxide  of  platinum  when  hydrated  can  be  made  to  unite  with 
acids.  The  salts  of  the  former  are  unimportant.  Only  one,  the  oxalate,  has  hitheito 
been  obtained  in  the  crystalline  state.  Caustic  potash  3rields  no  precipitate  widi  dilute 
solutions  of  these  salts :  alkaline  carbonates  throw  down  a  farown  prmTipitrtf,  and 
hydrosulphuric  acid  and  the  alkaline  hydroeulphates  a  black  precipitate. 

Salts  having  binoxide  of  platinnm  as  their  basic  constituents  are  aU  yeOow  or 
orange.  Caustic  potash  precipitates  £rom  their  solutions  the  brown  platinate  of  potash. 
Hydrosulphuric  acid  and  alkaline hydrosulphates  throw downaUack precipitate,  andzinc 
and  iron  both  cause  the  deposition  of  metallic  platinum  in  the  condition  of  Uack  powder. 
With  chloride  of  potassium,  and  with  sal-ammoniac  (chloride  of  ammomum),  salts  of 
binoxide  of  platinum  yield  yellow  precipitates,  the  double  chlorides  respectivdy  of 
chloride  of  potassium  with  chloride  of  platinum  (Pt  CI,  -)-  KCl),  and  hydrochlorate  ei 
ammonia,  or  chloride  of  ammonium,  with  chloride  of  platinum  (Pt  01,  -(-  NH3H  €1}. 

Both  these  double  chlorides  are  decomposed  by  heat,  the  ammonia  oompooBi 
yielding  platinnm  in  the  condition  of  a  spongy  mass  (spongy  platinum),  and  tfe 
potassium  compound  a  mixture  of  metaUio  pl^tii""i  and  chlocide  of  potaasiBM' 
Chloride  of  sodium  3rields  no  precipitate ;  hence  a  soluble  salt  of  binoxide  of  platinro, 
or  what  in  practice  is  more  convenient,  solution  of  bichloride  of  r^«ti"^T»,  is  used  boC 
only  to  distinguish  between  potash  ammonia  and  soda,  but  occasionally  to  separate  tke 
two  former,  and  determine  their  proportions.  Now,  inasmuch  as  Mnmnmi^  is  eon- 
posed  of  KH39  it  follows  that  the  chloroplatinate  of  ammnniaj  as  the  douhLe  6biiaoit 
of  platinum  and  ammonium  is  termed,  may  be  made  the  basis  of  ascertaining  Ike 
amount  of  nitrogen  contained  in  any  body,  provided  that  nitrogoi  exist  in  the  fina  of 
ammonia.  One  of  the  processes  of  detennining  the  amount  of  nitrogen  oootained  it 
organic  bodies  (the  process  of  Yanentrapp  and  Will)  is  founded  on.  this  prindpk- 
Tho  organic  nitrogenous  body  being  ignited  in  contact  with  soda  and  lime,  aU  ^ 
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nitrogen  becomes  converted  into  ammonia,  which  being  transmitted  through  a  solution 
of  hydrochloric  acid  is  absorbed ;  and  the  solution  being  precipitated  by  chloride  of 
platiQum,  is  collected,  dried,  weighed,  and  the  amount  of  nitrogen  present  determined 
by  an  obvious  calculation.  Both  the  chloroplatinate  of  potassium  and  of  ammonium 
are  nearly  insoluble  in  cold  water ;  but  alcohol,  and  still  better  a  mixture  of  alcohol 
and  ether,  added  to  the  liquor  of  precipitation,  renders  tiie  precipitate  still  more 
insoluble. 

Sulphate  ofJBinoxide  of  Platinum, 

This  salt  is  interesting  as  furnishing  the  best  source  horn  which  to  obtain  platinum 
black.  It  is  made  by  digesting  sulphuret  of  platinum  (formed  by  passing  hydro- 
sulphuric  acid  gas  through  solution  of  chloride  of  platinum)  with  sulphuric  acid. 

Chlorides  of  Platinum. 

These  salts  are  far  more  important  than  any  of  the  platinum  salts  which  have 
been  adverted  to.  There  are  two  chlorides  of  platinum,  the  protochloride  and  the 
bichloride,  corresponding  respectively  to  the  two  oxides.  It  will  be  convenient  to 
describe  the  bichloride  of  platinum  first. 

Bichloride  of  Platinum. 

Prq^aration.-^WheTL  platinum  is  dissolved  in  nitro-hydrochloric  acid,  solution  of 
bichloride  of  platinum  is  obtained,  mixed,  however,  with  some  nitric  and  hydrochloric 
acids.  These,  however,  may  be  dissipated  by  cautious  heating,  when  the  bichloride  of 
platinum  remains  pure.  It  dissolves  in  water,  furnishing  a  yellow  solution.  This 
chloride  does  not  crystallize. 

Protochloride  of  Platinum 

is  obtained  from  the  bichloride  by  exposing  the  latter  to  a  heat  not  exceeding 
390°  Fah.  It  is  a  greenish  powder,  insoluble  in  water,  soluble  in  hydrochloric  acid,  and 
yields  no  precipitate  with  either  hydrochlorate  of  ammonia  or  chloride  of  potassium. 

OSMITTM. 

Equivalent  or  atomic  weight        .        .        .        •        19  6 
Specific  gravity (about)  10 

Preparation. — By  heating  the  double  chloride  of  osmium  and  ammonium. 

Properties. — A  white  metal,  not  quite  devoid  of  malleability,  but  nevertheless 
brittle;  exceedingly  infusible.  "When  heated,  it  rapidly  combines  with  oxygen, 
becoming  osmic  acid.  Nitric  acid  dissolves  it,  generating  osmic  acid.  Nitrohydro- 
chloric  acid  effects  this  change  with  still  greater  £Eunlity.  When  osmium  is  sharply 
heated  in  contact  with  caustic  alkalies,  and  alkaline  nitrates,  alkaline  osmiates  are 
formed.  Finely-divided  osmium,  when  heated  in  the  air,  oxidizes,  with  formation  of 
osmic  acid,  characterized  by  a  very  peculiar  smell,  indicative  of  the  presence  of 
osmium,  the  name  of  which, — from  'ocr/u^,  smell, — was  suggested  by  the  odoriferous 
quality  of  osmic  acid.  , 
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Oomp9tmi$  of  Omnium  with  (hsygm^OMf  of  Osnrimt. 

Five  of  these  compounds  are  known,  and  their  composition  is  thna  represented  :— 

Protoxide OS  0 

Sesquioxide OS^  O3 

Binoxide OS   Oj 

Osmious  acid OS  O3 

Osmic  acid OS  O4 

Protoxide  of  Osmium, 

Preparation, — When  potash  solution  is  added  to  the  double  chloride  of  osmium  and 
potassium,  a  dark  green  powder  precipitates.  It  is  the  protoxide  of  osmium,  which 
dissolves  in  acids,  forming  green  solutions. 

Sesquioxide  of  Oamiuuh 

Tirtparation. — ^When  a  mixture  of  osmic  acid  with  ammonia  is  heated  fbr  a  con- 
siderable period  at  a  temperature  of  about  112°  Fah.,  sesquioxide  of  osmitim,  mingled 
with  ammonia,  from  which  it  cannot  be  separated,  is  obtained.  This  oxide  dissolyes 
in  acids,  and  yields  non-crystallizable  yellow  solutions. 

Binoxide  of  Osmium. 

PirepartAion, — ^By  transmitting  chlorine  through  a  mixture  of  finely-divided  osmium 
and  chloride  of  potassium,  a  double  chloride  of  osmium^  and  potassium,  having  the 
formula  Os  CI2  +  ^^\  is  obtained.  When  to  this  salt  a  cold  solution  of  carbonate  of 
potash  is  added,  a  black  powder,  which  is  biDoxide  of  osmium,  results.^! 

Osmie  Acid, 

The  fbrmation  of  this  compoimd,  by  strongly  heating  metallic  osmium  in  presence 
of  atmospheric  air,  has  been  already  noticed.  The  change  takes  place  still  more  satis- 
factorily if  oxygen  gas  be  substituted  for  atmospheric  air.  It  is  also  generated  when 
osmium  is  digested  with  nitric  or  nitro-hydrochloric  acid,  or  strongly  heated 
with  nitrate  of  potash  \  and,  lastly,  when  an  osmiate  is  decomposed  by  a  stronger 
acid. 

Osmious  acid  has  never  been  isolated.  Osmite  of  potash  may  be  obtained  by  mixing 
a  little  alcohol  with  solution  of  osmiate  of  potash. 

The  preceding  general  indications  of  the  chemical  bearings  of  osmixim  will  render 
the  method  of  obtaining  this  metal  from  its  ore  intelligible.  Osmium  almost  invariably 
accompanies  native  platinum.  It  is  found  united  with  iridium,  another  metal  to  be 
presently  described,  forming  scales,  or  occasionally  crystals  of  the  substance  termed 
camiuret  of  iridium.  This  compound  not  being  easily  soluble  in  agua  regia  remains 
behind  when  native  platinum  is  subjected  to  that  menstruum.  Osmiiun  may  be 
obtained  from  the  osmiuret  of  iridium  by  a  process  of  which  the  following  is  an  out- 
line:— 100  parts  of  powdered  osmiuret  of  iridium  are  intimately  incorporated  with 
300  parts  of  nitre,  and  [heated  to  redness.     The  fused  mass  which  contains  osmiate 
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ftnd  kidiate  of  potash  being  poured  ilpon  a  flat  surfaoe,  is  broken  small,  introduced 
into  a  glass  retort,  and  an  excess  of  nitric  acid  added.  A  cooled  receiver  being  adapted 
to  the  retort,  and  heat  applied,  osmic  acid  distils  over,  and  deposits  in  the  form  of  white 
crystals.  These  being  dissolved  in  solution  of  potash,  and  alcohol  added,  osmite  of 
potash  Mis,  firom  wMch  osmium  and  its  compounds  may  be  prepared  bj  probes  es 
which  are  obvious. 

The  matter  remaining  in  the  i«tort  after  all  the  osmic  acid  fbrmed  has  come  over 
is  chiefly  oxide  of  iridium,  mixed,  however,  with  some  oxide  of  osndum.  The  mixture 
being  dissolved  in  aqua  regia,  and  hydrochlorate  of  ammonia  added,  both  the  iridium 
and  the  osmium  are  precipitated  in  the  form  of  ammoniaoal  chlorides,  the  composition 
of  which,  if  the  symbol  M  stand  for  metal,  may  be  represented  by  the  general  formula 
ICCl,  4*  NH3HO.  If  these  mixed  ammoniacal  chlorides  be  E^ispended  in  water,  and  a 
enzre&t  of  sulphurous  acid  transmitted,  the  insoluble  ammoniacal  chloride  of  iridium 
M92  -^  ^^8  ^  changed  into  Jihe  soltfble  ammoniacal  chloride  Ir.Ol  -f'  NH3HCI,  whilst 
the  ammoniacal  chloride  of  osmium  remains  unchanged.  When  strongly  heated  it 
yields  metallic  osmium. 

ZfilDItrM. 

Equivalent,  or  atomic  weight         w       •        •        •        •        •    99 
Specific  gravity .      ? 

PreparaHon^-^The  soluble  ammoniacal  chloride  of  iridium,  described  in  the  last 
paragraph,'deposits  in  crystals  when  the  solution  containing  it  is  evaporated.  When 
these  crystals  are  strongly  heated  they  yield  metallic  iridium  in  the  condition  of 
powder.  Iridium  is  still  less  fusible  than  platinum  ;  but  if  the  powder  be  heated  to 
whiteness,  and  strongly  pressed,  it  aggregates  into  a  mass,  still  not  devoid  of  porosity, 
but  exceedingly  hard.  Pure  iridium  neither  dissolves  in  nitric  acid  nor  in  aqtta  regia, 
but  it  dissolves  in  these  when  alloyed  with  other  metals. 

Iridium  yields  four  oxides,  four  chlorides,  and  one  sulphuret. 

PALLADIUM. 

Equivalent  or  atomic  weight    .        .        .53*3 
Specific  gravity        •       ♦       •        .        .    11'8 

(This  metal  is  also  obtained  from  platiniferous  minerals  and  from  a  certain  Brazilian 
gold  ore ;  in  appearance  it  is  intermediate  between  platinum  and  silver.  It  is  consi- 
derably more  fusible  than  platinum,  and,  like  platinum,  soft,  malleable,  ductile,  and 
capable  of  being  welded  when  heated  to  whiteness.  Palladium  is  applied  to  many 
useful  purposes.  Dentists  sometimes  employ  it  to  form  artificial  palates ;  opticians 
use  it  occasionally  in  the  formation  of  graduated  scales ;  and  the  manufacturers  of 
w'eighing-balances  for  the  beams  of  these  delicate  instruments.  For  all  these  purposes 
the  metal  palladium  is  well  adapted,  not  being  acted  on  by  any  ordinary  atmospheric 

impurity. 

Cofnbinaiions  of  Palladium  mth  Oxygen. 

There  are"  two  oxides  of  palladium, — ^the  protoxide  and  the  binoxide ;  the  latter, 
however,  has  never  been  isolated, 

Comhinations  of  Palladium  with  Chlorine, 
Nitric  acid  can  dissolve  palladium ;  but  chlorine  is  a  better  agent.    Aqua  regia  is 
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the  chloriniferous  menBtnium  generally  employed.  There  eziat  two  chlorides  of  palla- 
dium corresponding  in  general  relations  to  the  two  chlorides  of  platinmn. 

Cyanogen  tcith  Palladium-^Oyanide  of  Palladium, 

Cyanogen  and  palladium  have  a  great  affinity ;  so  that  when  a  soluble  cyanide,  such 
as  cyanide  of  mercury  or  of  potash,  for  example,  is  poured  into  a  neutral  solution 
containing  palladium,  the  metal  separates  as  cyanide.  It  is  by  taking  advantage  of 
this  property  of  cyanogen  to  unite  with  palladium  that  the  metal  is  separated  from 
its  associates,— platinum  and  gold. 

AHODinC  JLND  BUTHENIUM. 

These  metals  are  also  found  associated  with  platinum,  and  the  former  occasionany 
with  gold.  Ehodium  is  obtained  from  the  mother  liquid,  out  of  which  platinum  and 
palladium  have  both  been  separated.  It  is  obtained  by  taking  advantage  of  the  inso- 
lubility of  the  double  chloride  of  rhodium  and  sodium  in  alcohoL  Bhodium  is  so 
called  on  account  of  the  rose-colour  of  its  solutions.  It  is  a. very  hard  white  metal, 
even  more  infusible  than  platinum.  It  fonns  two  oxides,  two  chlorides,  and  a 
sulphuret.  Ruthenium  very  much  resembles  iridium,  with  which  it  was  for  a  long 
time  confounded.  # 
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Arsenic,  sulphurets  of,  479. 

Arsenious  acid,  477. 

Arsenious  acid,  toxicological  examination  for, 

480. 

Arsenious  acid,  detection  of  in  mixed  solu- 
tions, 481. 

Arsenical  and  antimonial  crust,  distinction 
between,  482. 

Arseniurets  of  hydrogen,  474. 

Assay  of  gold,  509. 

Assaying  of  silver,  505. 

Artificially-dried  games,  how  to  collect,  290. 

Atmosidiere  (Or.  a^mo»  vapour,  and  aphavUt  a 
sphere  or  region),  the  weight,  specific  heat 
of,  109;  gravity,  properties,  &c.,  of,  806. 

Atmospheric  air,  specific  heat  of,  303,  809; 
composition  of,  SIO ;  amount  of  oxygen  and 
nitrogen  in,  how  to  ascertain,  ib. ;  extent 
t)f,  ib. 

Atmosphetio  pressure,  influenee  of,  161. 

Atom  (Gr.  atomos,  incapable  of  being  out  or 
divided),  existence  of,  88. 

Atomic  theory,  the,  69. 

Attraction  or  affinity,  2,  98. 

Attraction  of  graviUtion  and  aggregation,  1. 

Attraction  and  repulsion,  Faraday's  experi- 
ments on,  208. 

Auric  add  (peroxide  of  gold),  608. 

Auriferous  (gold-bearing)  solutions,  charac- 
teristics of,  509. 

B 

Balance,  definition  of,  2. 

Balloon,  why  it  rises,  2. 

3arium,  49;  protoxide  of,  806;  pr(^>erties  of, 
ib. ;  sulphides  of,  418;  chloride  of,  ib. 

Barometer  (air  measurer ;  Gr.  baros  heavy, 
metreo  to  measure),  the,  812 ;  how  to  make, 
813 ;  functions  of,  ib. ;  form  of,  814. 

Baryta,  hydrate  of;  poroxide,  or  binoxidc  of; 
salt  of;  nitrate  of;  carbonate  of,  417;  cha- 
racteristics of,  416. 

Battery,  Volta*s,  Smee*s,  &c.,  262 ;  Professor 
(Ersted's  experiments  with,  264;  thermo- 
electric, 276. 

Berthellet,  on  electric  affinity,  53. 

Berzelius,  on  the  law  of  atoms,  44 ;  theory  of,  46. 

Biborate  of  soda,  411. 

Bicarbonate  of  soda,  410  ;  sesquicarbonate  of, 
ib, ;  nitrate  of,  ib. 

Binary  (two-fold),  Ternary  (three-fold),  and 
Quarternary  (four-fold),  combinations,  41. 

Binary  theory,  objections  to  the,  899. 

Binary  classification  and  combination,  279. 

Binoxide  of  lead,  its  preparation,  properties, 
&c.,  466. 


Binoxide  of  nitrogen,  87;   analysis  of,  324; 
history  and  synonymes,  325;   preparation, 
826 ;  properties,  ib. 
Binoxide  of  strontia,  419 ;  salts  of,  nitrate  of, 
carbonate  and  sulphate  of;  general  charac- 
teristic of,  and  its  combination,  ib. 
Binoxide  of  silver,  502. 
Binoxide  of  tungsten,  485. 
Bismuth,  469. 
Bismuthic  acid,  469. 
Bismuth,  equivalent  or  atomic  weight,  and 

specific  gravity  of,  468. 
Bismuth,  neutral  nitrate  of,  469;  properties 

and  preparation  of,  ib. 
Bismuth,  oxide  of,  preparation  of,  469. 
Bismuth  and  oxygen,  combination  of,  468. 
Bismuth,  salts  of,  general  characteristics  o^ 

469. 
Bladder-glass,  the,  296. 
Black  oxide  of  mercury,  495. 
Bodies  composed  of  particles,  1. 
Bodies  to  act  on  each  other  must  be  in  a  itate 

of  solution,  64. 
Bodies  in  nature  have  a  tendency  to  approach 

each  other,  1. 
Bodies  which  dissolve  more  readily  than  othenb 

64. 
Boiling  point,  the,  influenced  by  pressure,  147. 
Boiling  points  of  certain  substances,  162, 168. 
Boron,  166,  379 ;  history  and  natural  history, 
ib. ;  preparation,  ib. ;  properties,  ib. ;  oomp 
bination  with  oxygen,  879;    preparation, 
ib. ;  properties,  ib. ;  with  chlorine,  380 ;  pre- 
paration, ib. ;  properties,  ib. ;  wiUi  fluorine, 
380 ;  preparation,  ib. ;  properties,  ib. 
Boyle's  hell,  495. 
Brass,  melting  point  of,  162.  ' 
Brass,  492. 

Brequet's  thermometer  (heat  measurer;  Oi. 
therme  warmth,  and  metron  a  measure), 
principle  of,  121. 
Bromine,  364 ;  history,  etymology,  and  gene- 
ral remarks,  ib. ;  preparation,  365 ;  combi- 
nation with  hydrogcQ,  365 ;  preparation  an4 
propertiiBS,  866. 
Bromine,  melting  point  of,  162. 
Bronze,  492, 


Cadmium,  history  and  method  of  obtaining, 
458;  properties,  preparation,  salts,  and  coiD- 
binations,  459. 

Calcigenous  metals,  434 ;  properties  of^  ib. 

Calcium,  49 ;  combination  of  with  sulphur  (suU 
phate  of  calcium) ;  with  chloride  (chloride 
of  calcium) ;  with  fluorine  (fluoride  of  cal- 
cium) ;  characteristic  distinctions  of  these 
compounds,  428. 
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Calcium  with  oxygen,  eomponndg  of;  protox- 
:r  ide  of  (lime),  419. 
Calomel,  494. 

Calomel  blackened  by  Boltttion  of  ammonia, 
505. 

Calomel  (diehloride  of  mercury),  prepara- 
tion,  properties,  &c.  of,  498.  

Calotype  process  assisted  by  hyposolpbite  of 
silver,  504. 

Caloric  or  heat,  general  obaerrations  on,  97 ; 
degrees  of  expansion  of,  98 ;  laws  of,  ib. ; 
radiation  of,  101 ;  polarization  of,  104 ;  con- 
ducting powers  of,  105;  solid  and  liquid 
eonductors  of,  185. 

Caloric  a  cause  of  fluidity,  160 ;  as  occasioning 
the  spheroidal  state  of  fluids,  189;  the  cause 
of  liquidity,  140 ;  the  cause  of  vapour,  143 ; 
expulsive  force  of,  146;  particles  of  mu- 
tually repulsive,  146  ;  relation  of  to  the 
spheroidal  state,  193;  proportions  of  in  water 
and  mercury,  197. 

Calorimeter  (a  heat  measurer),  tiie  19. 

Camphor,  melting  point  of,  162. 

Caoutchone,  207, 

Carat,  the  meaning  of,  in  eoining,  509. 

Carbonate  of  silver,  504. 

Carbonic  aeid,  melting  point  of,  162. 

Carbon,  usual  condition  of,  15,  388. 

Carbonates  (salts  formed  by  the  union  of  car- 
bonic  acid  with  different  bases),  404  et  seq. 

Carbonate  of  lead  (white  lead),  468;  how  to 
make,  ib. 

Carbonic  acid,  37, 385 ;  history,  natural  history, 
and  synonymes,  ib. ;  preparation  and  proper- 
ties of,  ib. ;  condensation  of,  387 ;  analytical 
determination  of,  389. 

Carbonic  oxide,  800 ;  preparation,  ib. ;  proper- 
ties, 391. 

Catbions,  meaning  of,  279. 

Cavendish,  Hr.,  experiments  by,  185. 

Ceramic  ware    (Gr.  Xeramitis,   pottery  and 
porcelain),  429  ;    general   remarks,   ib. 
coloured  ceramic,  ib. ;  white  ceramic,  430 
red  pottery,  white  enanunelled,  ib. ;  poroe< 
lain,  ib. ;  soft,  431 ;  ornamentation  of,  482. 

Cerium  (from  a  Swedish  mineral  called  cerite), 
428. 

Characteristics  of  metals,  394. 

Charcoal  powder,  its  use,  294. 

Charcoal,  specific  heat  o^  199. 

Chemical  action,  exemplification  of,  27 ;  com- 
binations, examples  of,  37 ;  affinity,  causes 
which  modify  the  action  o^  54 ;  relations  of 
metals,  396. 

Chemistry,  definition  of,  1 ;  of  imponderable 
agents,  67  ;  of  inoxiganic  bodies,  278. 

Chloride  of  antimony,  474. 

Chloride  of  arsenic,  480. 


Chloride  of  lead,  its  preparation  and  proper. 

ties,  468. 
Chloride  of  mereury,  497. 
Chloride  of  silieon,  38S  ;   preparation,  ib. ; 
properties,  ib. ;  of  sodium,  411. 

Chloride  of  silver,  504;  blaekened  by  the  son's 
rays,  505. 

Chlorides  of  chromium,  429. 

Chlorides  of  gold,  508. 

Chlorides,  &c.,  of  platinum,  513. 

Chlorine  and  aluminium  (chloride  of  alumi- 
nium) 426;  prcy^aration  of,  ib.;  properties 
of,  427. 

Chlorine  with  nitrogen,  364 ;  history  and  gene- 
ral  remarks,  ib.;  preparation,  ib.;  history 
and  synonymes,  and  preparation  of,  354; 
with  hydrogen,  355;  history  and  synonymes, 
ib.  ;  preparation,  ib, ;  properties,  357; 
chlorine  with  oxygen,  compounds  of,  359; 
with  sulphur,  combinations  o^  363. 

Chlorochronic  acid,  450. 

Chloric  acid,  361;  history,  synonymes,  and 
general  remarks*  ib, ;  preparation,  ib. ;  pro- 
perties, 362. 

Chlorous  acid,  361. 

Chromates  (union  of  earthy  bases  with  chro- 
mic acid,  449. 

Chromatics  (the  science  of  colours,  72. 

Chromatic  aberration  of  light,  73. 

Chrome  or  chromium,  444;  protoxide  of,  445; 
preparation  and  properties,  ib. ;  sesqniox- 
ide  of,  ib. ;  preparation  and  formulsB,  446 ; 
salts  of,  447  et  seq. 

Chromic  acid,  method  of  preparing,  448 ;  pro- 
perties, 449. 

Cinnabar,  500. 

Circular  polarization,  81. 

Cobalt,  melting  point  of,  163. 

Cobalt,  history  of,  and  preparation,  452;  pro- 
perties, 453 ;  combinations  with  oxygen,  ib. 
et  seq. 

Cohesive  attraction,  12. 

Cohesion  (power  of  attachment  in  particles), 
56. 

Cold  by  evaporation,  158. 

Columbium,  464. 

Combination,  theories  of,  352. 

Combinations  of  the  second  degree,  397. 

Combinations  of  iodine  with  sulphur  and  chlo- 
rine, 369. 

Combustion  and  incandescence,  243. 

Common  salt,  crystals  of,  23. 

Comparison  of  thermometers,  129. 

Compensation  pendulums  and  balances,  115; 
various  experiments  with,  117. 

Complex  affinity,  examples  of,  61. 

Compounds,  415;  scheme  1,  ib.;  scheme  2, 
416. 
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Oomponnd  atoms,  3. 

Condenser,  the,  218. 

Deflagration  (purification  by  fire),  the,  of  steel 

Conductors  of  caloric,  solid  and  liqnid,  185. 

wire,  245. 

ConduotiDg  powers  of  solid  bodies,  187 ;  of  the 

De  Luc's  eleotrieal  eolonm,  258. 

principal  metals,  &e.,  186 ;  of  heat,  105. 

Densities  (Lat  detuuM  thick)  of  gases,  Uble 

Congelation  of  mereury,  151. 

of,  168;  experimente  of  Tarious  chemists 

ConTcrtibiUtj  of  gases  into  liquids,  161. 

on,  169. 

Copper,  136. 

Detection  of  arsenious  add  in  mixed  solu- 

Copper,  aceUtes  of,  490. 

Uons,"  481 ;  method  of  proceeding  for,  482. 

Copper,  alloys  of,  492. 

Development,  the,  of  crystals,  27. 

Copper,  arsenite  of,  490. 

Diamond  scrateh,  8 ;  specific  heat  of,  199  ; 

Copper,  atomic  weight  and  speeifie  graTity  of. 

formation  of  the,  384. 

487. 

Dia-magnetio   (Gr.  through,  by,  or  of;  Lat 

Copper,  bisolphnrets  of,  491, 

magne»)    phenomena,   271 ;    experiments, 

272,  278. 

Copper,  combinations  of,  488. 

Dia.magneUo  bodies,  list  of,  273. 

Copper,  dichloride  of,  491. 

Dichloride  of  gold,  508. 

Copper,  historical  account  of,  487. 

Didymium,  428 ;  distinctive  characteristics  of. 

Copper,  hydruret  of,  491. 

111. 

Copper,  nitrate  of,  489. 

Disintregated  particles,  7. 

Copper,  properties  of,  488. 

Distilled  verdigris,  491. 

Copper,  protochloride  of,  491. 

Donarinm,  279. 

Copper,  protosulphuret  of,  491. 

Copper,  protoxide  of,  489. 

Double  electro>aflinity  illustrated,  66. 

Copper,  sub-oxide  of,  489. 

Duality  (Lat.  duo  two)  of  electrical  agency. 

Copper,  sulphate  of,  489. 

212. 

Copper,  sulphurets  of,  490. 

Copper  wire,  magnetic  effcete  of,  266. 

tive  and  electro  negative  radicals^  897. 

Cork'borers,  their  use,  ftc. 

£ 

Corrodve  sublimate,  494. 

Corrosive  sublimate,  497. 

Efflorescence   (Lat.  efflareseenHa  flowering). 

Cryosphorus,  or  frost-bearer,  158. 

67. 

Crystallization  (Gr.  crysaUos  a  frozen  stone). 

Epilopic  dispersion,  94. 

ISetseq. 

Erbium,  428. 

Crystals,  not  necessarily  transparent,  18 ;  the 

Elasticity,  56. 

word  as  understood  by  chemists,  ib. 

Elasticity  of  aqueous  vapour,  table  of,  146. 

Crystalline  state  of  non-crystelline  bodies,  17. 

Electric  affinity,  50. 

CrysteUine  forms  and  optical  properties,  view 

Electrical  quantity  and  intentfty,  211. 

of  the  connexion  between,  77. 

Electricity,  velocity  of,  237 ;  a  condition  of 

Crystellography,  ita  practical  uses,  22  et  seq. 

matter,  239. 

Cupellation  (a  process    by  which   silver  is 

Elective  affinity,  50. 

assayed),  505. 

Electric  current,  direction  of  the,  242. 

Cupreous  salts,  489. 

Electric  battery,  228. 

Cupric  acid,  489. 

Electrical  stete  of  bodies,  57. 

Cassius,  purple  powder  of,  509. 

Electrical  inductions,  216. 

Cyanide  of  silver,  505. 

Electrical  machine,  the,  219 ;  action  and  ma- 

Cyanogen  (bicarburet  of  nitrogen),  891 ;  com- 

nagement of,  220  et  seq. 

binations  of,  ib. ;  preparation,  892. 

Experimente,  221  et  seq. 

Electric  light,  the  246. 

I> 

Electricities,   proportional    development  of. 

213 ;  experiments,  ib. 

87,  40,  46. 

Electricity  (Gr.  electron  amber),  definition  of, 

Davy's  Lamp  explained,  297 ;  unsafe  in  cer- 

204;  development  of,  205 ;  substances  that 

tain  situations,  ib. ;  causes  of  accidente  with, 

are  electrics,  206 ;  conducting  and  non-oim- 

lb. 

ducting  bodies,  207 ;   experiments,  208  et 

Decomposition  of  water,  248. 

seq. 

Definite  proportionaUty,  law  of,  83. 

Electricity,  mutual  effectB  of  parallel,  267. 
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Electricity,  atmospheric  theory  of  lightningr. 

Fluorine  with  hydrogen,  oompoonds  of,  369 ; 

rods,  282;  theory  of,  283. 

general  remarks,  ib. ;  preparation,  ib. 

Electricity  identical  with  nenrons  energy,  267. 

Forms  of  crystals,  18. 

Electricity  as  a  motive  force,  278  et  seq. 

Forces,  destruction  of,  2. 

Electro-chemical  theory  of  Dayy,  the,  248. 

Forces  of  affinity,  59. 

Electrophorus,  the,  217. 

Freezing  water  In  a  red-hot  crucible,  195. 

Electro-deposition,  theory  of,  254. 

Freezing  mixtures,  141. 

Electro-magnetism,  262  ;  true  condition  of. 

Friction,  can  electricity  be  developed  other. 

263 ;  experiments,  264. 

wise  than  by,  211 ;  experiments  in  proof. 

Electrometer    (measure  of  electricity),   the 

212. 

gold-leaf,  209. 

Fulminate  of  mercury,  496. 

Elementary  atoms,  2. 

Fulminate  of  mercury,  497. 

Elementary  hodies,  names  of,  29. 

Fulminating  gold,  508. 

Elementary  hodies,  list  of,  278. 

Enlargement  of  the  hulk  of  water  hy  heat,  152. 

how,  496. 

Epsom  salts,  crystals  of,  23. 

Fusibility  of  metals,  896. 

Equilihriiun  of  the  ocean,  4. 

Ether,  how  changed  into  gas,  146. 

e 

Ether,  melting  point,  62. 

Galvanic  or  Voltaic  electricity  (so  called  from 

Eudiometer,  the,  of  Cavendish,  274. 

Galvani  and  Volta,  its.discoverers),  240 ;  its 

Evaporating  point  of  spheriodal  water,  194. 

origin,  history,  and  theory,  ib. 

Evaporation,  dispersion  by  heat,  spontaneous. 

Galvanometer,  the,  265. 

147. 

Gases  (Ger.  geiit,  spirit),  general  propertiefl 

Expansion,  increase  of  bulk,  laws  of  thermal, 

of,  160  et  seq. 

110. 

Gases,  change  of  bulk  of,  164;  by  mechanical 

Expansion,  exception  to  general  laws  of,  123. 

rarefaction,  ib. ;  dilatibiUty  of,  by  heat,  ib. ; 

Expansive  force  of  water,  304. 

specific  heat  of,  166. 

Experimental  illustrations  of  affinity,  63. 

Gases,  convertible  into  liquids,  161;  Faraday's 

Experiments  on  the  congelation  of  mercury. 

experiments  on,  ib. ;  under  pressure,  163  ; 

151. 

specific  gravity  of  various,  166, 167. 

Experiments  on  the  radiating  power  of  dif- 

Gases,  M.  Guard's  experiments,  177. 

ferent  surfaces,  134. 

Gases,  igniting  by  a  spark,  280 ;  eudiometer 

Experiments  with  spheroidal  water,  194  et  seq* 

explained,  ib. ;  various  forms  of,  281 ;  elec- 

Experiments, class  room,  208. 

tricity,  influence  of  on  solids,  231. 

Explosions,  violent  expansion  of  elastic  fluids. 

Gases,  how  to  weigh,  184 ;  various  apparatus 

prevention  of  in  boilers,  193. 

for  the  purpose,  185 ;  rules  for  conducting 

Explosive  nature  of  mixed  oxygen  and  hydro- 

experiments on,  186. 

gen,  how  shown,  296. 

Gases,  specific  gravity  of;  166 ;  tables  of,  witii 

Experiments   on  the   conducting   power  of 

names  of  authorities,  167 ;  table  of  densities 

water,  188,  139. 

of,  168 ;  how  obtained,  170. 

Expulsive  force  of  caloric,  146. 

Gases,  absorbed  by  Uquids,»174;  what  soUd 

bodies  absorb  tiie,  175 ;  diffusiveness  of,  176 ; 

F 

comparative  somniferous  properties  of  the, 

Faience,  or  earthenware,  431. 

177 ;  apparatus  for  experiments  on,  178,  et 

Faraday's  experiments,  250. 

seq. 

Feathers,  207. 

Gases,  expansion  of  by  heat.  111. 

Franklin's  one-fluid  theory,  242. 

Gases,  specific  heat  of,  199 ;  at  the  ordinary 

Free  caloric,  effects  of,  107, 

atmospheric  pressure,  201 ;  capacity  for  heat 

Ferrosesquicyanide  of  potassium  (red  pnissiate 

of,  203 ;  heat  of  augments  with  ito  density, 

of  potash),  448. 

ib. 

Ferric  acid,  439. 

Gaseous  arseniurets  of  hydrogen,  478. 

Five  hundred  grain  bottles,  8. 

Gaseous  jet,  how  to  obtain,  292. 

Fire-damp,  its  composition,  291. 

Gases,  phosphuretted  hydrogen,  877. 

Flame,  elevation  of  temperature  necessary  to, 

295. 
Fluor  spar,  17. 

Gasometer   (gas  measurer),   the  mercurial, 
181, 

German  silver,  452. 

Fluoric  acid,  168. 

Glass,  various  kinds  of,  composition  of,  432 ; 

Fluorine,  869 ;  general  remarks,  lb. 

its  solubiUty,  488 ;  capability  of  fusion,  ib. ; 
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how  prodi&oed,  ib ;  colour  ot,  how  imparted, 

484. 
Glauber's  salts,  crystals  o^  23, 
Glaring  of  pottery,  431. 
Glucinum,  or  Glucinium,  428. 
Gold,  1S6 ;  melting  point  of;  163. 
Gold  assaying,  mode  of,  509. 
Gold,  atomio  weight  and  speoifle  gravity,  507  ; 

nearly  alwaya  found  in  a  metallic  state,  ib. ; 

combinations  of  with  various  metals,  ib.,  et 

seq. 
Goniometer  (an  instrument  to  metsure  angles 

with),  how  to  use,  20. 
Goulard's  extract,  466. 
Graphite,  specific  heat  of,  199. 
Gravitation  (tendency  of  bodies  towards  a 

centre),  2. 
Gum  lac,  207. 
Gutta  peroha,  207. 

Hair,  207. 

Hatr  dyes,  850. 

Heating  powers  of  hydrogea  gas,  how  in- 
creased, 295. 

Heat,  latent,  150. 

Heat,  degrees  of,  represented  by  Daniell's  and 
Wedgwood's  pyrometer,  162. 

Bemiog's  salbfy  apparatus  for  mines,  208. 

Hif h-preseoze  steiun,  156. 

Horse.4hoe  magnet,  the,  870, 271. 

Hot  liquids  more  powerfU  solvents  than  cold 
ones,  64. 

Howard's  differential  thermometer,  125. 

Human  voioe,  altemtioa  in,  by  hydrogen,  298. 

Hydrated  or  hydrous  acid  (aquafortis),  315 ; 
how  prepared,  ib, ;  eombinatton  ct^  ib. ; 
uses  of,  318. 

Hydrates  of  «oda,  407. 

Hydrated  Oixide,  469. 

Hydrochloric  acid,  aqoeois  eolution  of,  357 ; 
tests  for,  359. 

Hydrooyanie  add,  893. 

Hydroferrooyanie  aeid,  411. 

Hydrogen  (Gr.  udor,  water,  and  gmnao,  I 
generate,— the  water-former),  81;  definition 
of,  287 ;  sources  and  preparation  of,  ib. ; 
sources  of,  288;  experiments,  ib.;  the 
lightest  of  ponderable  bodies,  ib. 

Hydrogen,  properties  of  and  method  of  gene- 
rating, 289 ;  combustible,  apparatus  for  ex- 
perimeate  with,  291 ;  results  of  combustion 
of  in  oxygen,  298;  effects  of  burning  in 
atmospheric  air,  ib. ;  influence  of  platinum 
on,  294;  heat  developed,  295  ;  experiments, 
ib. ;  explosive  nature  of  the  mixture  of  with 
oxygen,  ib. ;  relation  of  to  sound,  298 ;  com- 
hinationa  of  with  oxygen,  299 

Hydrogen,  combinations  of  sulphur  with,  347. 


Hydrogeo,  aulphiuntted,  or  hydrosnlpfanzie 

acid,  847 ;  general  remarks,  ib. ;  tiwory  of 

the  deeenpoeition,  2iB ;  preparation,  ib. 
Hydrogen,  or  Unary  tiieory  of  salts,  the  ad. 

vantage  at,  890;  neutral,  super,  and  sub- 

salto,  400. 
Hydrogen,  binozide  or  peroxide  of,  305 ;  pro- 

duotten,  nianaliMtaz%  oheminal  formnlsB, 

&c.,  of,  ib. 
Hydrogen,  biaolphuret  of,  353. 
Hydrofluoric  acid,  liquid,  870. 
Hydrometer  (a  measure  for  hydrogen),  11. 
Hydrosulphtudo  aeid,  847. 
Hydriodic  acid,  solution  of;  868. 
HypophosphoruB  acid,  876 ;  preparation,  ib. 
Hyposulphuric  add,  846. 
Hyposulphurous  (Gr.  h^fpo  under)  aeid,  847. 
Hypochlorous  add,  propertiee,  fre.  of,  860. 
Hyposulphites,  properties  of,  847. 
Hypochloric  acid,  861;  history  and  eyao- 

nymes,ih.;  preparatiicm, ih. 
Hypoaitrons  add,  826. 
Hyposulphite  of  silver,  504. 


Ice,  207. 

nmenium,  279,  464. 

Imidogen,  884. 

Imponderable  (that  cannot  b»weighed>agei>t^ 

chemistry  of,  67. 
Incandescence  (at  a  white  heat),  248. 
Incandescent  solid  particles,  experimente  with 
■  294. 

Induced  electricity,  218. 
Inequality  in  the  erpaneinn  of  aoUd  bodies, 

121. 
Influence  of  mechanical  division  in  promoting 

the  action  of  chemical  affinity,  64. 
Inorganic  bodies,  ohemistry  o^  278. 
InsolubiUty,  56. 
Iodic  add,  368.  .        . 
Iodide  of  silver,  505. 
Iodides  of  mercury,  499. 
Iodide,  366 ;  history,  etymology,  and  general 

remarks,  ib. ;  preparation,  367 ;  properties, 

ib. 
Iodine  with  oxygen,  eomhimattona  of;  868. 
Iodine  with  nitrogen,  869;  preparatian,  ib. 
Iodine  with  hydrogen,  867 ;  preparation,  ib. ; 

properties,  368. 
Iridium,  wdght,  properties,  praparation,  fte., 

515. 
Iridium,  specific  heat  of,  109. 
Iron  (Lat/0rrta»),  ISd;  spedfie  gxavity,w«igfat 

and  character  of,  437;  preparation  of  for  earn- 

merdal  purposes,  ib. ;  varietiea,  ib. ;  oxides 

of,  438  ;  protoxide  of,  ib. ;  dUorides  o^  488; 

protochloride  of;  ih..;  seaqnidikride  o^  ib. ; 
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protoBulphnret  o^  lb. ;  bLralphuret  of^  440 ; 

combinations  of  with  phoiphoros,  nitiogtn, 

and  cyanogen,  ib. ;  protocyaaaret  ot,  ib. ; 

double  cyanide  of  and  potawiam,  ib. ;  pr«. 

paration  of,  ib. ;  deoompoeltion  of,  &o.,  M2, 
Iron,  tendency  of  to  be  attracted  by  a  OMitinet, 

271. 
Iron  or  steel  wir^  combustion  of  in  aacygtn, 

284. 

Jet,  an  insolating  body,  207. 


Ealegenous  metals,  potasaium,  400;  general 

remarks,  ib. ;  preparation,  ib. 
Kermes  mineral,  472. 
Kyanizing  process,  the,  497. 


Lanthaniom,  279,  428. 

Latent  best,  IfiO ;  of  stMun,  IM. 

Law  of  definite  combination,  34. 

LawofTolumes,  38. 

Lead,  136 ;  atomic  weight  and  spedfie  gra^rity, 

preparation,  parity,  properties,  oombiinations 

of,  &c.,  464  et  seq. 
Lead,  easily  tamidies,  465. 
Lead  salts,  general  characteristioB  ot,  466, 
Leather,  207. 

Leslie's  air  themometa:,  124. 
Lenses,  theory  of,  71. 
Leydenjar,  the,  226;  diicoTeryof,  ib.;  prin. 

ciple  of;  ib. ;  discharge  o<;  228. 
Light,  its  action,  properties,  lawa,  &e.,  67. 
Light  and  sojin^  analogies  <tf,  81. 
Lightning  oondaetors,  marine,  materials  of, 

235. 
Lightning  rods,  theory  of,  235. 
Lime,  sulphate  of,  420;  carbonate  of,  421 

phosphates   of;  ib.;  bq>hoBphate  of,  ib. 

metaphosphate  of,  422 ;    chloride,  ol^  ib. 

chl(»ometry,  ib. 
Liquid  expansion,  anomalons,  114. 
Lycopodium,  207. 

Liquidity,  caloric  the  canse  of,  140. 
Liquids  in  becoming  solid  produce  heat,  142. 
Liquids,  tendency  to  evaporate,  25. 
Liquid  and  aeriform  bodies,  how  they  conYey 

heat,  187. 
Liquefiable  gases,  number  of,  161. 
Lithium,  415 ;  preparation,  ib. ;  properties,  ib. 
Linear  expansion  of  solid  bodies,  113. 
Liquid  tests  for  arsenic,  482. 
Litmus  paper,  how  prepared,  329. 
Lunar   caustic  (nitrate  of  silver),  used  for 

various  puiiMMos,  as  the  idiotographie  pro- 

cess,  &c.,  503 ;  its  prepMstion,  ib. ;  when 


free  from  organic  matter  does  not  decom- 
pose  when  exposed  to  the  son's  rays,  504. 


Magnet,  rotatory  motion  on,  260. 

Magnetic  effects  of  Voltaic  Electricity,  268. 

Magnetic  character  of  wire,  266. 

Magnetic  bodies,  272 ;  Uit  of,  273. 

Magnetism,  Ampere's  theory  of;  260. 

Magnetism,  the,  of  the  earth,  277. 

Magnetism,  how  to  determine  whether  a  mine- 
ral be  endowed  with,  273. 

Magneto-electric  phenomena,  270. 

Magnesia,  its  combinations  with  snlphuricaeid, 
preparation  of,   nitrate  of,   carbonate  of, 

.  phosphates  of,  silicates  of,  &c.,  424. 

Magnesium,  its  preparation,  properties,  com- 
binations with  oxygen,  423. 

Magnesium  and  tiilorine,  424;  its  prepara- 
tion, &c.,  ib.;  general  oharaeteristies  dis- 
tinctive of  magnesian  solutions,  &c.,  425. 

Manganese,  oxides  of,  425 ;  protoxides  o^ 
435;  sesqnioxide  of;  ib.;  bhioxide  or 
peroxide  of,  ib.;  salts  of;  436;  characteris- 
tics of,  ib. ;  red  oxide  of;  ib. 

Manganic  add,  435. 

Manometer,  the,  164. 

Marble,  136. 

Marine  engines  not  so  subject  as  land  engines 
to  explosions,  193 ;  why,  ib. 

Measure  of  caloric  in  diflSsrent  bodies,  154. 

Mechanical  force,  57. 

Mechanical  agitation  facilitates  solution,  64. 

Melloni's  experiments  on  radiant  heat,  103. 

Melting  points  of  certain  substances,  scale  of, 
162, 163. 

Mercurial  compounds,  501. 

Mercurial  thermometer,  construction  of,  126 ; 
method  of  graduating,  127 ;  laws  o^  ib. 

Mercury,  irregularity  of  e:qpanfiion  in,  128 
■congelation  of,  151 ;  mdting  point  of,  162. 

Mercury,  combinations  (oxides)  of  with  oxy- 
gen, 494. 

Mercury,  black  oxide  of,  495. 

Mercury,  red  oxide  of;  405. 

Mercury,  properties,  Sec,  of,  ib. 

Mercury,  nitrates  of,  496. 

Mercury,  sulphate  of  protoxide  of,  406. 

Mercury,  subsulphate  of  protoxidfi  of,  496« 

Mercury,  fulminate  of,  496. 

Mercury   (quicksilver),  atomic  weight    and 

.  speciflc  gravity  of,  493.;  physical  relations 
ol,  properties  of,  &&,  ib.  et  seq. 

Mercury,  chloride  of;  its  preparation,  proper, 
ties,  uses,  &c.,  497;  unfitted  for  the  pur- 
poses  of  the  poisoner  on  account  of  nauseous 
taste,  ib. ;  its  effects  ncntraliaed  by  sUm- 
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men,  ib. ;  organic  oombinatUms  of  not  de- 

Nitrogen  gaf,  physiological  effects  o^  821 ; 

oompoBed  by  the  atmosphere,  ib. 

historical  notice  and  synonymee,  ib.;  pre- 

Mercury, iodides  of,  499 ;  subiodide  of,  ib. ; 

paration,  822 ;  properties,  823. 

protoiodide  of,  ib. ;  cyanide  of,  &c.,  ib. ;  sol- 

phureta  of,  500 ;  disulphurets  of.  Sec,  ib. ; 

life),  history,  807 ;  synonymes,  ib. ;  forms 

general  characteristios  of  meroorial  com- 

under which  it  exists,  ib. ;  preparation  of, 

pounds,  501. 

ib.;  properties,  808;  incapacity  to  support 

Mercury,  test  of  the  presence  of,  496 ;  sepa- 

life.ib. 

Non-metaUic,  or  simple  bodies,  test  of,  280. 

or  dichloride  of  (calomel),  498. 

Norium,  279. 

Metals,  various  expansion  of,  118 ;  relation  of 

Number  of  atoms,  investigation  of,  44. 

to  each  other  in  a  thermo-electric  sense,  275. 

MetaUic  foils,  deflagration  of,  245. 

0 

Mica,  207. 

Olefiant  gas,  42. 

Minute  division  of  bodies  effected  by  solution. 

4. 

Optics,  Newton's  theory  of,  40. 

Moisture  in  gases,  187 ;  correction  for,  ib. ; 

Ordeal  of  flre  explained,  197. 

exemplifications  of  formul»,  188. 

Orpiment  (yellow  sulphuret  of  arsenic),  479. 

Molybdenum,  485 ;  compounds  of,  ib. 

OscilUtion,  pointo  of,  4. 

Molybdenum,  binoxide  of,  486. 

Osmic  acid,  514. 

Molybdic  acid,  preparation  and  properties  of. 

Osmium,  279. 

486. 

Osmium  (Or.  otme,  smell),  properties,  com- 

pounds,  &c.,  513;  symbols,  514. 

Osmite  of  potash,  514. 

Monoeulphuret  of  potassium,  406 ;  preparation 

Oxides  of  osmium,  514. 

and  properties,  407. 

Oxide  of  sUver,  502. 

Motion  of  free  caloric,  132. 

Oxide  of  platinum,  511. 

Movement  of  caloric  by  radiation,  101. 

Outsidedness  of  Electiricity  proved,  225;   by 

Mustard,  why  it  blackens  sUrer,  502. 

experiments,  ib. 

Oxides  of  antimony,  list  of,  470. 

N 

Oxide  of  antimony,  preparation  and  proper- 

Native sulphuret,  472. 

ties  of,  470. 

Nature  of  electricity,  217. 

Oxide  of  arsenic,  white,  477. 

Negative  properties  of  nitrogen  gas,  888. 

Oxides  of  bismuth,  composition  of,  468. 

Neutralization,  an  efliBCt  of  chemical  affinity. 

Oxides  of  lead,  465. 

61. 

Oxyhydrogen  Ught,  the,  297,  298. 

New  properties  of  bodies  evolved  in  chemical 

Oxygen  (Or.  oxua  acid,  and  ffmnao  to  gene- 

combination, 65. 

rate),  31 ;  origin  of  tiie  name,  281 ;  forms  in 

Neutiral  acetate  of  lead,  467. 

which  it  exists,  ib.;  preparation  of,  ib.; 

Nickel,  melting  point,  163. 

experiments  with,  283 ;  formulae  for,  ib. ; 

Nickel  (false  copper),  450 ;   giavity,  prepara- 

tion, and  properties  of,  451;  protoxide  of; 

of,  286. 

ib. ;  sesquioxide  of,  452 ;  alloys  of,  ib. 

Oxygen,  combinations  of  carbon  with,  884. 

Niobium,  279,  464. 

Nitrate  of  lead,  467. 

protoxide,  ib. ;  preparation,  ib. 

Nitirate  of  bismuth,  neutral,  469. 

Oxygen,   total  quantity  required  daUy  for 

Nitrate  of  sUver,  503. 

human  consumption,  280. 

Nitrohydrochloric  acid,  859. 

Oxygen,  compounds  of  sodium  wltii,  407. 

Nitrous  acid,  326 ;  synonymes,  ib. ;  prepara- 

tion,  ib. ;  properties,  827. 

Oxygen,  combinations  of  bromine  with,  866 ; 

Nitre  (Gr. nitron;  Lat.  nUrum),  crystals  of. 

preparation,  ib. 

2S. 

Ozone,  definition  of,  286 ;  method  of  prepar- 

Nitric  acid,  not  to  be  confounded  with  aqua- 

ing,ib. 

fortis,  315;  nature  of  real,  ib. ;  combination 

P 

with,  ib. ;   compounds  of,  316;   chemical 

Paintings  in  oil  restored  by  the  use  of  perox- 

qualities  and  characteristics  of,  ib. ;  corn- 

ide  of  hydrogen,  306. 

FaUadium,  specific  heat  of,  199. 

determination  of,  ib. 

Palladium,  atomic  weight  and  spedflo  gravity. 

INDEX. 
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origin,  properties,  uses  and  combinations, 
515. 
Parallel  electric  currents,  effects  of,  267. 
Parchment,  209. 

Parian  (a  peculiar  kind  of  porcelain),  431. 
Particles,  meaning  of  the  term,  2. 
Pendulum,  the,  116. 
Penetrating  power  of  electricity,  222. 
Pelopium,  464. 
Perchlorata  of  potash,  363. 
Perchloride  of  phosphorus,  378 ;  preparation, 

lb.;  properties, ib. 
Perchloric  add,  362 ;  history  and  general  re- 
marks, ib. ;  preparation,  lb. 
Perchromio  acid,  preparation  and  properties, 

449. 
Periodic  acid,  868. 
Permanganic  acid,  434. 
Peroxide  of  bismuth,  469. 
Peroxide  of  nitrogen  (nitrous  oxide ;  laugh- 
ing gas),   319;    synonymes,   preparation, 
properties,  analysis,  et  seq. 
Peroxide  of  silver,  502. 
Pentachloride  of  antimony,  474. 
Phosphate   (the  combination  of  phosphoric 
acid  with  different  bases)  of  soda  and  ammo- 
nia, 411 ;  preparation,  ib. 
Phosphoric  acid,  37,  373. 
Phosphorus,  371;  history,  preparation,  and 

properties,  372 ;  allotropic  condition,  ib. 
Phosphorus,  combination  of,  with  oxygen 
373 ;  with  hydrogen,  876 ;  with  nitrogen, 
377 ;  with  chlorine,  ib. ;  with  sulphur,  378. 
Phosphorus,  oxide  of,  876. 
Phosphorus,  combustion  of.  In  oxygen,  284. 
Phosphorous  acid,  875 ;  general  remarks,  ib. ; 

preparation,  ib. 
Photography  (writing  by  light),  the  yarious 

processes  described,  87-96. 
Physical  properties  of  lead,  465. 
Pith-balls,  experiments  with,  207. 
Pinchbeck,  492. 
Platinum,  136, 163. 

Platinum  {platina,  the  diminutlTe  ot  plata, 
little  silver),  510;  properties,  preparation, 
and  combinations,  &c.,  of,  ib.,  et  seq. 
Plumbic  acid,  466. 
Poisoning  by  arsenic,  cases  of,  480 ;  treatment 

proper,  ib. 
Poisoning  by  salts  of  copper,  remedy  for,  497. 
Polarization  of  radiant  heat,  104. 
Polarized  light,  interference  of,  7C,  81. 
Ponderable  bodies  (those  which  may  be  ascer- 
tained by  weight),  susceptibility  of,  to  mag- 
netic influences,  272. 
Porcelain,  conducting  power  of,  136. 
Potassium  and  potash,  combinations  of,  415 ; 
preparation,  402. 


Potash,  salts  of,  404;  neutral,  or  monooar- 
bonate  of,  ib. ;  nitrate  of,  ib. ;  bicarbonate 
and  sesquicarbonate  of,  ib. ;  artificial  pro- 
duction of,  405 ;  sulphate  of,  ib. ;  chlorate 
of,  ib. ;  perchlorate  of,  403. 

Potash  and  soda,  general  remarks  on,  and  the 
salts  of  true  alkaline  metals,  414. 

Potassium,  combustion  of  in  oxygen,  285. 

Potassium,  sulphurets  or  sulphides  of,  406. 

Practical  application  of  crystallography,  22. 

Preservation  of  wood,  cordage,  &c.  (the  Kya- 
nizing  process)  due  to  bichloride  of  mer- 
cury, 497. 

Primary  atoms,  2. 

Principle  of  Mr.  Kirwan*s  theory  of  affinity, 
60. 

Progressive  dilitation  of  solid  bodies,  120. 

Property  of  all  acetates  of  lead  to  combine 
with  vegetable  colouring  matters,  467. 

Proportion  of  water  in  various  bodies,  500. 

Proportions  in  which  bodies  combine,  80. 

Protochloride  of  phosphorus,  378 ;  prepara- 
tion, ib. ;  properties,  ib. 

Protoxide  of  lead,  its  preparation  and  pwi^Tm 
ties,  466. 

Protoxide  of  platinum,  511. 

Protoxide  of  silver,  502. 

Protoxide  of  uranium,  483. 

Prussian-blue,  various  kinds,  formulae,  444. 

Pyrometers  (fire  measurer),  the,  of  Wedg- 
wood, 119 ;  and  Professor  Daniell,  120. 

Powder  of  Algaroth,  474. 


Quantitative  determination  of  nitric  add,  811. 
Quartz,  melting  point  of,  168. 
Quicksilver,  498. 


Radiant  heat,  102 ;  Melloni's  experiments  on, 

108. 
Ratios  Li  which  oxygen  and  hydrogen  eom- 

bine,  81. 
Raumer  and  Fahrenheit*s  thermometers,  181. 
Reason  why  metallic  bodies  are  conductors, 

207 ;  experiments  in  proof,  208. 
Realgar  (red  sulphuret  of  arsenic),  479. 
Receivers  for  gas,  178 ;  various  kinds  of,  179 

etseq. 
Reciprocal  decomposition,  55. 
Refractive  power  of  phosphorus,  71, 
Refraction,  double,  75 ;  of  heat,  105. 
Refraction  of  light,  67. 
Refraction  of  caloric,  138. 
Refrigeration,  Newton's  law  of,  100. 
Regulus  of  antimony,  470. 
Reinsch's  test  for  arsenic,  481. 
Relation  of  thermometrio  degrees,  132. 
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BelatiT*  weights  of  bodlfli,  41. 

Solid  bodies,  conducting  powers  of,  137. 

1iowtoeflbet,300. 

Solubility  of  oxygen  md  nitrogen  gases  in 

Rhodium,  516. 

water,  311. 

Biver-water  not  tajuwd  by  bdng  otniid  in 

Solution,  18. 

leaden  pipes,  465. 

Specific  gravity,  meaning  of,  metbod  of  taking. 

Bock  oil,  boiling  point  of,  168. 

5 ;  of  steam,  152 ;  of  calorie,  196 ;  of  heat 

compared  with  atoms,  198 ;  of  gases,  199. 

Bathoiinm,  516. 

Specific  gravity  of  gases,  how  obtained,  169  ; 

explanation  of  processes,  170  et  seq. 

S 

Spermaceti,  141. 

8Ut  and  snow,  a  freesing  mixtore  firom  their 

Spherical  and  chromaticr  sberrstion  of  light, 

combination,  141. 

72. 

Salts  of  bismuth,  469. 

Spheroidal  effects  of  caloric,  189 ;  withvarious 

SalU  containing  protoxide  of  lead  as  bwe,  466. 

experhnents  on,  et  seq. 

Salts  of  the  oxides  of  uranium,  483. 

Spheroidal  water,  evaporating  point  of,  194. 

Salts  of  platinum,  512. 

Saturation  and  neutralication  illustrated,  65. 

Standard  silver,  composition  of^  505. 

Scales,  Amotions  of  a  pair  of,  2. 

Steam,  properties  of,  144 ;  density  of,  149. 

Scales  of  thermometric  graduation,  ISO. 

ScheeUum,  465. 

Steam,  latest  heat  of,  153. 

Scheele's  green,  476, 496. 

Steam,  elasticity  of,  166. 

Selenium,  boiUng  pofat  at,  16S,  853;  hUrtory 

Steel,  melting  point  of,  163. 

and  natural  history,  ib. 

StiU,  the,  302 ;  theory  of  distillation,  ib. 

Sesquioxide,  37. 

Stonework,  481. 

Sesquioxide  of  uranitdn,  488^ 

Strontium  (fhmi  Strontian,  in  Scotland),  49 ; 

Sesquisalts  of  uranium,  483. 

Silk,  207. 

Silicon,  880  ;  preparation  aid  properties,  881. 

Strontium,  or  Strcmtla,  ib. 

SilTer  absolutely  pure  a  soft  metal,   502; 

readily  dissolved  by  nitric  acid,  ib. 

Suboxide  of  lead,  465. 

Silver,  137 ;  atomic  weight  and  speoillo  gra- 

Suboxide of  silver,  502. 

vity  of,  501 ;  general  characteristics,  &c., 

Sugar,  means  of  purifying,  467. 

of,  ib.;  oxides  of,  502;  suboxides  of,  ib.; 

Sulphate  of  copper,  489. 

protoxide  of;  ib. ;  peroxide,  of,  ib. ;  nitrate 

Sulphate  of  lead,  its  preparation,  properties. 

of,  503 ;  sulphate  of,  504 ;  carbonate  of.  ib. ; 

frc,  468. 

acetate  of,  ib. ;  hyposulphate  of,  ib. ;  com- 

Sulphate of  silver,  504. 

binations  of,  ib.  et  seq. 

Sulphides  of  gold,  508. 

Simple  atoms,  2. 

Sulphides  of  silver,  504. 

Simple  or  elementary  bodies,  classification  of. 

Sulphoantimonic  acid,  473;   may  be  decom- 

279. 

posed  by  heating  in  contact  with  hydrogen 

Simple  gases  and  vapours,  taWe  of,  167 ;  own- 

gas,  473. 

pound  combustibles,  ib. ;  oxides,  ib. ;  acids. 

Sulphur,  141, 335 ;  general  notice,  ib. ;  allotro- 

ib. 

pic,  386;   combinations  of  with   oxygen. 

Single  elective  affinity  illustrated,  66. 

387. 

Soda  (a  mineral  alkali),    sulphates  of,  408; 

Sulphur,  the  remaining  oxygen  compounds  of. 

sulphites  of,  ib. ;  Usulphite  of,  ib. ;  mono- 

347. 

sulphites,  409 ;  hyposulphite  of,  ib. ;  pro- 

Sulphur with  carbon  (sulphtiret  of  carbon). 

perties,  ib. 

391 ;  preparation  and  properties  of,  ib. 

Soda,  carbonates  of,  409 ;  neutral  carbonate 

Sulphuret  of  antimony,  472. 

of.ib.     . 

Sulphurets  of  arsenic,  479. 

Soda,  phosphates  of,  410;    first  or  ordinary 

Sulphurets,  production  of,  851. 

tribasic  phofiphate  of;  ib. ;  second  tribasic 

Sulphurets  of  sodium,  411. 

phosphate  of,  ib. ;  third  tribasic  phosphate 

Sulphuric  acid,  82 ;  properties  and  preparation 

of,  ib. ;  bibasio  phosphate  of,  ib. ;    mono- 

of,  341 ;  monohydrate  of,  842 ;   chemical 

basic  phosphate  of,  411. 

method  of  determination  and  analysis,  344 ; 

Sodium,  407  ;  general  remarks,  ib. ;  prepara- 

experiments witii,  345. 

tion,  ib. ;  properties,  ib. 

Sulphurous  add,  838 ;  general  remarks  oil,  ib.; 

INDEX. 
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preparation,  ib. ;  general  proiwrtiBa  of,  389 ; 
determination  of  the  oomposltton  of^  840. 

Sun-picture«  (photography),  87-IKI. 

Surfaces,  the  natural  home  of  el«»trieity,  224. 

Symbolical  contractions  for  the  names  of  ele- 
mentary bodies,  29. 

Synthesis  (the  opposite  of  analysis),  28. 


Tantalum  or  tantalinm  (a  metal  insoluble  in 

acids),  464. 
Tellurium,  speoillc  heat  of,  199. 
Tellurium,  equivalent  or  atomic  weight,  and 
specific  gravity  of,  475 ;  oocurs  in  associa. 
tion  with  bismuth,  gold,  silver,  or  lead,  475; 
properties  of,  476. 
Terbium,  428. 
Terchloride  of  antimony,  474;  Its  properties, 

&c.,  474. 
Tests  for  arsenic,  480. 
Terrigenous  metals,  history,  properties,  and 

preparation  of,  466. 
Theories,  various,  of  voltaic  action,  257. 
Theory  of  Berzelius,  46. 
Theory  of  the  balance  illustrated,  2. 
Thermal  dilatation  of  liquids,  108. 
Thermometer  (Gr.  therme  warmth,  and  metron 
a  measure),  the,  119;  construction  of  founded 
on  the  principle  of  expansion,  123, 126  etseq. 
Thermo  electricity,  276;  laws  of,  277;  experi- 

ments,  ib. 
Therta-antimonic  acid,  471, 
Thorium,  428. 

Tin,  136, 141 ;  atomic  weight  and  specific  gra- 
vity, history  and  properties,  469. 
Tin,  preparation  and  combinations,  460  et  seq. 
Tinned  copper,  492. 

Titanium    (a   brittle  and  refractwy  metal), 
atomic  weight  land  specific  gravity,  462  ; 
preparation,  properties,  and  combinations, 
363  et  seq. 
Transference  of  gases  from  one  vessel  to  ano- 
ther, 185. 
Toxicological  chemistry,  481. 
Toxicological  knowledge  valuable,  480. 
Transference  of  electricity,  experiments  in, 

215. 
Turpentine,  oil  of,  boiling'point  of,  163. 
Tungsten,  485. 

Tungsten,  specific  heat  of,  199. 
Tungsten,  binoxide  of,  486. 
Tungstic  acid,  485. 


Ultimate  analysis,  28. 

Ultimate  particle8,[Newton  on,  40. 

Undiilatory  theory,  the,  79. 


Unit  of  spedflo  gravity,  9. 

TJranium,  equiTalent  or  atomle  wvight  and 

speeifie  gravity  of,  468 ;  ehlefly  found  in  two 

minerals,  pitch-blende  and  nranite,   ib. ; 

development  or  preparation  of,  ib.;  eom> 

binations  of,  ib. 
Uranium,  protoxide  of,  488. 
Uranium,  sesquioxide  of,  488. 
Uranium,  salts  of  the  oxide  of,  488. 
Uranium,  sesqnisaltB  of,  488. 


Vacuum  pan,  the,  159. 

Vanadium,  2T9< 

Vanadium,  binoxide  of,  489. 

Vanadium,  combinations  o^  486. 

Vanadium,   preparation,     properties,     eom- 

pounds,  &c.,  of,  488. 
Vanadium,  protoxide  of,  488. 
Vapour,  caused  by  caloric,  148. 
Vapour,  force  of,  in  relation  to  temperature,     . 

149. 
Vapour,  force  of,  how  it  varies  at  the  same 

temperature,  149. 
Vaporization,  process  of,  26. 
Vapours,  table  of  latent  heat  of,  150. 
Vaporization  under  pressure,  157. 
Velocity  of  light,  79. 
Verdigris,  distilled,  491. 
Vermilion,  500. 
Vitriol,  oil  of,  342  et  seq. 
Vitriol,  oil  of,  boiling  point  of,  163. 
Vitrification,  207. 
Volta,  theory  of,  241. 
Voltaic  action,  theories  of,  257;  different  forms 

of,  258;    combination,  different  forms  of, 

259  et  seq. 
Voltaic^  decomposition,  chemical  proportion- 
ality of,  253. 
Voltaic  combinations,  Faraday's  modifications 

of  the  polar  theory  of,  250. 
Voltaic  battery,  the,  259;  various  forms  of, 

ib.  et  seq. 
Voltaic  electricity,  effects  of,  243. 
Voltaic  combinations,  simple  and  compound, 

241. 
Volta's  compound  pile,  242. 
Voltameter,  the,  254. 
Volumes,  law  of,  38. 

W 

Water,36 ;  its  importance,1299 ;  distribution 
throughout  the  world,  ib.  ;  purity,  ib.  ; 
composition,  800 ;  absolutely  pure,  fatal  to 
aquatic  animals,  and  unpalatable,  ib. ;  chaly- 
beate and  other  mineral,  ib. ;  saline,  ib.; 
method^^of  testing  the  purity  of,  301 ;  pure 
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or  distilled,  method  of  obtaining,  principle 

of  dietiUation,   Uebig's    apparatus,   SOS  ; 

wiaTlmnm  density  of,  804 ;  temperature  at 

which  it  assumes  its  ordinary  density,  ib. ; 

expansiye  foroe  of,  ib. ;  crystaHized  (ice) 

forms  of  crystals  of,  SOS. 
Water,  the  standard  of  spedfie  grayity,  5. 
Water,  compositian  of,  SI. 
Water,  conducting  power  of,  138. 
Water,  the  boiling  point  of,  143. 
Water,  conversion  of  into  steam,  152. 
Water,  how  to  boil,  without  moistening  the 

Tessel  containing  it,  191. 
Water  in  a  spheroidal  state,  193. 
Water,  expansion  and  contraction  of,  123. 
Water,  decomposition  of,  248. 
Water  absolutely  pure  will  not  dissolve  lead, 

465. 
Wax,  melting  point  of,  162. 
Weather-glass,  the,  SIS. 


Weighing,  operatkNi  of,  S. 

When  bodka  in  a  state  of  solution  do  not  act 

on  each  other,  65. 
White  arsenic,  477. 
White  lead,  468. 
White  precipitate,  499. 
Wolframium,  485. 
Wood,  207. 
World,  the,  without  oxygen,  what  it  would  be, 

381. 

T 
Yellow  or  museovado  sugar,  467. 
Yttrium,  279,  428. 
Ytto-tantaUte,  464. 

Z 

Zinc,  1S6, 141 ;  atomic  weight  and  specific  gra- 
Tity  of,  455 ;  history,  production,  and  com- 
binations, 456  et  seq. 

Zirconium,  438. 
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